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ABSTRACT 


Laboratory  tests  were  conducted  on  rock  core  samples  received 
from  nine  core  holes  in  the  Scott  Area  of  Iron,  Madison,  Saint 
Francois,  and  Wayne  Counties,  Missouri.  The  results  were  used  to 
determine  the  quality  and  uniformity  of  the  rock  to  depths  of  200 
feet  below  ground  surface. 

The  cores  were  identified  as  predominantly  rhyolite  and  dacite 
porphyry  with  some  granodiorite  and  small  amounts  of  dolomite,  acid 
metavolcanics,  and  dark  gray  volcanic  breccia.  Specific  gravity, 
Schmidt  hardness,  compressional  and  shear  wave  velocity,  and  uniaxial 
compressive  strength  tests  indicated  that  the  highly  to  critically 
fractxired  material,  representing  approximately  10  percent  of  the  core 
tested,  was  of  questionable  competence.  The  remainder  of  the  core 
from  this  area  was  found  to  be  relatively  competent  material. 

Based  on  the  results  of  the  tests  reported  herein,  the  following 
conclusions  appeair  warranted; 

1.  The  core  was  petrographically  identified  as  predominantly 
rhyolite  and  dacite  porphyry  with  some  granodiorite  and  small  amounts 
of  dolomite,  acid  metavolcanics,  and  dark  gray  volcanic  breccia. 

2.  Based  on  physical  appearance,  the  following  distinct  groups 

of  material  were  represented  within  the  different  rock  types:  innact 

rock;  rock  containing  fine  Incipient  fractures;  moderately  fractured 
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rock;  highly  to  critically  fractured  rock;  and  v'esicu.^ar  ro^l:. 

3.  The  hi^ly  to  critically  fractxired  material  exivibited  :nar- 
ginal  strength  characteristics. 

k.  The  moderately  fractured  to  intact  material  was  very 
competent . 

5.  The  vesicular  material  exhibited  lower  strengths  than  did 
the  moderately  fractured  material,  but  was  still  relatively  competent 
rock. 

6.  The  consistently  high  compressional  wave  velocities  indicate 
that  the  macrofracturing  in  this  area  is  generally  of  a tightly 
closed  nature. 

7.  Results  of  three-dimensional  compressional  wave  velocity 
tests  conducted  on  representative  specimens  indicate  that  the  frac- 
tured to  intact  core  is  generally  quite  isotropic.  Hie  granodiorite 
is  somewhat  anisotropic  (3*7  percent  variation). 

8.  The  core  from  this  area  is  generally  quite  brittle,  exhibit- 
ing little,  if  any,  hysteresis. 

9.  Direct  and  indirect  tensile  strengtlis  exhibited  by  t;ie  rhyo- 
lite and  dacite  porphyry  and  granite  are  very  high,  but  correlate 
rather  well  with  the  relatively  high  compressive  strengths.  Direct 
tensile  strength  ranged  from  approximately  5 to  10  percent  of  the 
uniaxial  compressive  strength. 

10.  Young's  moduli  exhibited  by  the  dacite  and  rhyolite  porphyry 
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were  consistently  high,  avera,ging  about  12  million  psi.  Moduli  ex- 
hibited by  the  granite  were  slightly  lower. 

11.  Fvaluation  of  the  area  on  a hole-to-hole  basis  indicates 
that  the  Scott  Area  formations  sampled  and  tested  generealy  offer 
good  possibilities  as  competent  hard  rock  media.  The  areas  repre- 
sented by  Holes  ST-CR-I8  and  -12  axe,  however,  questionable,  exhib- 
iting several  zones  of  marginal  to  poor  quality  material.  Further 


investigation  will  be  required  to  fully  evaluate  the  area. 
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I COIIVERSIGN  FACTORS,  BRITISH  TC  :-T:IRIC  UIIITS  CF  MEASUREI-lEiJT 

I British  units  of  measurem.ent  used  in  tnis  report  caii  be  conves^ed  to 

I "etric  !irits  as  follov/s. 

I 

? Multiply  B.v  To  Obtain 


inches 

2.5U 

centimeters 

feet 

o.3o4h 

meters 

miles  (U.  S.  statute) 

l.6o9;4i. 

kilometers 

feet  per  second 

'.304h 

meters  per  second 

pounds 

0.453^^9237 

kilograms 

pounds  per  square  inch 

0.070307 

kilograms  (force)  per  square 
centimeter 

6.894757 

kilonewtons  per  square  meter 

r 

[ i 


I 
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UlTHOLUrTljij 

1.1  EACKGROUIiL 

Tne  purpose  cl  tr.ic  cuudy  v;us  *,o  suppler'.en-.  tiie  ira'or-.uc'  j., 
beinr  octained  lor  uhe  area  eyaluaciori  sluuy  by  ti.e  U.  Z.  Air  , ;^rce 
opace  and  i-'.isciio  Syste.ms  Organization  (SAi-ISC;.  Ic  v;a.s  no :i.:  ,;ary  cc 
ieter.'T.ine  the  properties  oi  tlie  specific  materials  for  (1/  evaluation 
of  the  airea  as  a hard  rock  rnediam : utilization  ii.  the  various 

computer  codec  for  ground-motion  predictions;  an.i  : .i  as  neces ..'ai'y , 
for  tlesign  of  c.tructurec  in  tl\e  rr.ediuir..  xEesults  of  test.s  o.n  cores 
from  Iron,  iladi  son,  daint  Francois,  and  Vi  ay  ne  (/rai';tle;- , 'neai'  .'.'ctt 
.Air  Force  Base,  .'•-issouri,  are  reported  herein. 

l.P  OBJECT JTF 

Tne  objective  of  this  invosti.yation  v/as  to  conducu  lab.  rau„ry 
tests  on  saTiples  from  geographical  study  areas  to  deterc.ine  tiie  mi- 
tegrity  and  the  mechanical  behavior  of  the  materials  as  co;n_nietely  as 
fcssible,  analyze  the  data  thus  obtained,  and  report  the  rc.vauts  t,.: 
appropriate  u.sers. 

1.3  SCCJB 

laboratory  tests  v-ere  conducted  as  indicated  on  the  following 
page  on  samjdes  received  from  the  field.  Table  ]..l  gives  i ertinent 
information  on  t'ne  various  tests. 
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Tests  were  conducted  to  determine  the  general  quality,  imiform- 
ity,  and  integrity  of  the  rock  in  the  area  sampled.  The  tests  were 
conducted  to  determine  the  following:  (l)  relative  hardness  (Schmidt 

number),  (2)  specific  gravity,  (3)  unconfined  compressive  strength 
(from  conventional  and  cyclic  compression  tests),  (4)  dynamic  moduli, 
(5)  sonic  velocity,  and  (6)  petrography. 


1.4  SPECIMENS 

Specimens  were  received  from  nine  holes  in  the  Scott  krea.. 

These  holes  were  designated  ST-CR-4,  -7,  -Q,  -12,  -l6,  -l8,  -20,  -26, 
and  -28.  All  specimens  were  NX-size  cores  (nominal  2-l/8-inch^  diam- 
eter). Test  specimens  of  the  reqviired  dimensions  (Table  l.l)  were 
prepared  for  the  individual  tests.  Tests  were  conducted  on  selected 
specimens  from  all  holes . 


1.5  REPORT  REQUIREMENTS 

Tb.e  immediate  need  for  the  test  results  required  that  data  re- 
ports be  compiled  and  forwarded  to  the  users  as  work  was  completed  on 
each  hole.  The  data  reports  of  the  individual  test  results  are  in- 
cluded herein  as  Appendixes  A through  I. 


A table  of  factors  for  converting  British  units  of  measurement  to 
metric  units  is  presented  on  page  9. 
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CHAPTER  2 


TESI'  METHODS 


2.1  SCHMIDT  NUMBER 

The  Schmidt  ntmiber  is  a measure  of  the  relative  degree  of  hard- 
ness as  determined  by  the  degree  of  rebound  of  a small  mass  propelled 
against  a test  surface.  Twelve  readings  per  specimen  were  taken. 

The  average  of  these  readings  is  the  Schmidt  number,  or  relative 
hardness.  The  hardness  is  often  taken  as  an  approximation  of  rock 
quality,  and  can  frequently  be  correlated  with  other  physical  prop- 
erties such  as  strength,  density,  and  modulus  of  elasticity. 


2.2  SPECIFIC  GRAVITY 

The  specific  gravity  of  the  as-received  samples  was  determined 
by  the  loss-of -weight  method  conducted  according  to  Method  CRD-C  107 
of  the  "Handbook  for  Concrete  and  Cement."^  A pycnometer  is  used  to 
determine  the  loss  of  weight  of  the  sample  upon  submergence.  The 
specific  gravity  is  equsil  to  the  weight  in  air  divided  by  the  loss  of 
weight  in  water. 


U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE;  "Handbook  for 
Concrete  and  Cement";  August  19*+9  (with  quarterly  supplements); 
Vicksburg,  Miss.;  Unclassified. 
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2 . 3 INDIRECT  TENSION 

The  tensile  strength  was  determined  by  the  indirect  method,  com- 
monly calleo.  'ohe  tensile  splitting  or  Brazilian  method,  in  which  a 
tensile  failure  stress  is  induced  in  a cylindrical  test  specimen  by 
a compressive  force  applied  on  two  disimetrically  opposite  line  ele- 
ments of  the  cylindrical  surface.  The  test  was  conducted  according 

2 

to  Method  CRD-C  77  of  the  "Handbook  for  Concrete  and  Cement." 

2.4  DIRECT  TENSION 

For  purposes  of  comparison,  specimens  were  prepared  and  tested 
for  tensile  strength  according  to  the  American  Society  for  Testing 
and  Materials'  (ASTM)  proposed  "Standard  Method  of  Test  for  Direct 
Tensile  Strength  of  Rock  Core  Specimens."  Tensile  splitting  tests 
were  conducted  on  specimens  cut  adjacent  to  the  direct  tensile  test 
specimens . 

For  the  direct  tension  tests,  the  specimens  were  right  circular 
cylinders,  the  sides  of  which  were  straight  to  within  0.01  inch  over 
the  full  length  of  the  specimen  and  the  ends  of  which  were  parallel 
and  not  departing  from  perpendicularity  to  the  axis  by  more  than 
0,25  degree.  Cylindrical  metal  caps  were  cemented  to  the  ends  of  the 
specimens  and  provided  the  means  for  applying  the  direct  tensile 


r- 


I 

t 

f 
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load.  The  load  was  applied  continuously  by  a 30,000-pound-capacity 
universal  testing  machine  and  at  a constant  rate  such  that  failure 
occurred  within  5 to  15  minutes. 

2.5  COMPRESSIVE  STRENGTH  TESTS 

The  unconfined  and  cyclic  compi'ession  test  specimens  were  pre- 
pared according  to  the  ASIM  and  Corps  of  Engineers*  standard  method 
of  test  for  triaxial  strength  of  undrained  rock  core  specimens,  CRD-C 
l4y.  Essentially,  the  specimens  v;ere  cut  with  a diamond  blade  saw, 
and  prior  to  testing  the  cut  surfaces  were  ground  to  a tolerance  of 
0.001  inch  across  any  diameter  with  a surface  grinder.  Electrical- 
resistance  strain  gages  were  utilized  for  strain  measurements,  two 
each  in  the  axial  (vertical)  and  horizontal  (diametral)  directions. 
Static  Young's,  bulk,  shear,  and  constrained  moduli  were  computed 
from  strain  measurements  and  were  based  on  tangent  moduli  computed  at 
50  percent  of  the  ultimate  strength.  Stress  was  applied  with  a 
4Uo, 000-pound-capacity  universal  testing  machine. 

2.6  DYNAMIC  ELASTIC  PROPERTIES 

Bulk,  shear,  and  Yoving's  moduli,  Poisson's  ratio,  compressive 
velocity,  and  shear  velocity  were  determined  on  selected  rock  speci- 
mens by  use  of  the  proposed  ASTM  "Standard  Method  of  Test  for  Labora- 
tory Determination  of  Ultrasonic  Pulse  Velocities  and  Elastic  Con- 
stsuits  of  Rock." 
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Specimens  were  prepared  by  cutting  the  ends  of  the  TK-size  cores 


with  a diamond  blade  saw  and  grinding  tnese  surfaces  w^Ui  a sari'a'e 
grinder  to  a tolerance  of  0.001  inch  across  any  diameter. 

The  test  method  essentially  consisted  of  generating  a wave  in 
the  specimen  with  a pulse  generator  unit  and  measuring,  witi:  an  oscil- 
loscope, the  time  required  for  the  compression  and  shear  waves  to 
travel  the  length  of  specimen,  the  resulting  wave  velocity  being  the 
distance  traveled  divided  by  the  travel  time.  The.se  compressive  and 
shea..'  velocities,  along  with  the  bulk  density  of  the  specimen,  were 
used  to  compute  the  d;>Tiamic  elastic  properties, 

? . 7 PETROGRAPHIC  EXA.MINATION 

A limited  petrographic  examination  was  conducted  on  samples 
selected  to  be  representative  of  the  material  received  from  the  sev- 
eral holes.  Tlie  examination  was  limited  to  identifying  the  rock, 
determining  general  condition,  identifying  mineralogical  constitu- 
ents, and  noting  any  unus'ual  characteristics  that  m.ay  have  influenced 
the  test  res’ults. 

C.8  THI'.EE-DE.IENSIONAL  DYNAMIC  ELASTIC  PROPERTIES 

Co.mpressional  end  shear  wave  velocities,  bulk,  shear,  and 
Yoimg's  moduli,  and  Poisson's  ratio  were  determined  according  to  the 
AST'i  proposed  method  described  in  Section  2.6,  except  that  in  the 
case  of  the  special  tests  used  to  determine  the  degree  of  anisotropy 
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cf  the  samples,  compressional  and  shear  velocities  were  measured 
along  two  mutually  perpendicular,  diametral  (lateral)  axes  and 
slong  the  longitudinal  axis.  This  was  facilitated  by  grinding  four 
l/2-inch-wide  strips  down  the  sides  of  the  cylindrical  surface  at 
90-degree  angles  and  generating  the  compression  and  shear  waves  per- 
pendicular to  these  ground  surfaces. 


CHAPTER  3 


3UALITY  Aii:-  Ulilr'ORI-lITY  TEST  RESULTS 


3.1  RHYOLITE  FORPirYRY 

The  entire  core  received  from  two  holes,  ST-CR-7  and  -y,  and 
rortions  of  the  cores  from  two  others,  ST-CR-iii  and  -26,  were  petro- 
grapiiically  identified  as  rhyolite  porphyry.  To  facilitate  analysis 
of  the  data,  results  of  physical  tests  on  these  cores  were  groupe  i as 
follows;  (i;  i;.tact  rock,  i.e.,  ;:.a",eriai  free  fro:r.  macroscopic  frac- 
tures, joirits,  and/or  seams;  {2]  moderately  fractured  rocK,  i.e., 
reck,  containing  relatively  few  healed  and/or  tightly  clo.sed  frac- 
tures; (3!  highly  to  critically  fractured  rock.  i.e..  rocA  containing 
open  fractures,  well  developed  systems  of  fracture.  aj;d  critically 
oriented  fracture.s  'fractures  inclined  with  respect  t.'j  the  horizontal 
at  angle.s  at  which  faili.ng  saeari'ig  stresses  ai’e  developed  when  the 
:;pcc.lmei.  is  s.abjecced  to  reiativelj  low  axial  stre;n'es,;  and  y*;  i-.:-ck 
contairii.ng  vesicle.".  Detailed  rescU.ts  are  given  li;  Appendixes  D,  C, 
r , and  A s-jirLmary  of  tiie  avera.;e  test  results  is  presented  in  the 
f.-jllcwin(*  tabulub ' on . 


Ir.taoL  M;«lerah^lj  Ven.ruJa: 

“'.■i*  «»riai  t r«<  ‘ arp'i  ’'aj  ly  Matprla'i 

Mat^riai  Kra-turel 
Mat-er  lal 


.;o  -,fi  ."HV;*-  if  (r)  .'.fw/  v*'  T ^ ,7, 

!*  i..e,;L''r  -.I  v‘i  f>7  ‘ 

• ctt,  rrsc  • /»?  •'»  . ysi  -‘f  ,l/.’  1'*'  ,.■* 

T pri".'*!  r.aj.  ^aw"  fps  . 0,  v ^ ••)  I'-y, 

Jhear  ffdocity . fps  il , 1.5)  ii.  lO.ilT'  (T;  10, 

onfcrr  [r.  pivrn  in  . 


Unconfined  compressive  strengths  exhibited  by  the  rhyolite  por- 
phyry were  somewhat  variable,  depending  primarily  upon  the  nature  and 
degree  of  fracturing  present.  The  highly  to  critically  fractured 
rock  exhibited  marginal  strength  characteristics.  Although  the  aver- 
age compressive  strength  was  12,760  psi,  two  of  the  seven  specimens 
of  this  type  yielded  strengths  of  approximately  8,000  psi  or  less.  A 
compilation  of  individual  test  results  is  given  in  Table  3*1*  The 
vesicular  material,  all  of  which  was  located  in  Hole  ST-CR-9,  was 
found  to  be  substantially  stronger  than  the  highly  to  critically 
fractured  material.  Compressive  strengths  were,  however,  somewhat 
variable,  ranging  from  lU,550  to  29,090  psi.  Predictably,  specific 
gravities  exhibited  by  the  vesicular  material  were  lower  than  those 
of  any  other  material  tested  from  the  Scott  Area. 

The  moderately  fractured  rhyolite  porphyry  removed  from  Hole 
ST-CR-7  exhibited  test  results  generally  very  similar  to  those  ex- 
hibited by  the  intact  material,  indicating  that  the  healed  and/or 
tightly  closed  fractures  had  little,  if  any,  detrimental  effect  on 
many  physical  properties.  Average  uniaxial  compressive  strengths  of 
the  moderately  fractured  and  intact  materials  were  very  nigh,  i.e. 
33j590  and  46,170  psi,  respectively.  However,  large  variations  were 
present  within  both  groups. 

The  rhyolite  porphyry  from  this  area,  particularly  the  moder- 
ately fractured  and  intact  rock,  is  apparently  a very  brittle 
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material  as  indicated  by  the  slight  hysteresis  loop  in  the  stress- 
strain  curves  (Append;;  es  3,  , f,  and  H) . Considerable  macr . :'rr.  ■- 

taring  is  present,  as  evidenced  by  the  photographs  included  i;.  the 
petrographic  report  (see  Section  '*.4). 

3.k  DACITE  PORPHYRY 

Tile  cores  received,  fi'om  Holes  ST-CH-4,  -20,  and  -28,  and  ■;  or- 
tions  of  the  cores  received  from  Holes  ST-CR-12  an  i -26  were  petro- 
graphically  identified  as  dacite  porphyry.  Physical  test  results 
were  grouped  as  follows:  (1)  intact  rock,  (2)  rock  containing  fine 

incipient  fractures,  (3)  moderately  fractured  rock,  and  (4)  highly  to 
critically  fracture!  rock.  Detailed  results  are  given  in  Appo.-idi.xes 
A,  D,  G,  H,  and  I.  A summary  of  the  average  test  results  is  ] I'e- 
sented  in  the  following  tabulation. 


Fr  iT-e  rt  y 

Intact 

Material 

Mcderat  ely 

Kipj'.ly  t-' 

Mater; al 

Containing 

Fr.'icturevi. 

’'iMf'iily 

Fine  Incipi- 

■■'I'H  * .r*”  : ^ 

ent  Fractures 

Material  t 

Srpcific  rr'iv  itv 

2.6po  ( •) 

2.t'7S  (5) 

2.7  1 fC 

.yc  . . ^ 1 

Schmidt  number 

55.-^  (it) 

‘.+  .2  (o) 

Uriiaxl'il  c , psi 

51,1*  ' (7) 

I5,t30  {•■•) 

27,015 

Corapresnior,-il  w=ivp  v"l''.’ity,  Fps 

20, 7 SO  (7) 

20,815  (5) 

20,525  (ll) 

TM  »lcX;  { j 

Jnear  w'ivo  vei'City,  ;'ps 

U,51t  (2) 

10 ,925  ( 1 ) 

11 ,79b  ( --) 

imons 

ted  in  pi ven 

in  parenthOo'=»r . 

? 

Tn  spite  of  the  varying 

degrees  of  fracturing 

present , 

. i 

psysicau  i 

properties  exhibited  by  the  dacite  porphyry  were,  with  the  except! -'n 
cf  uniaxial  c. impressive  strengtn,  relatively  uniform  Compressive 
strength,  however,  was  quite  variable,  ranging  from  1,700  to 
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65j2U0  psi.  Apparently,  this  large  variation  was  primarily  clue  to 
the  nature  and  degree  of  fracturing  present  in  the  material. 


The  lowest  compressive  strengths  observed  in  this  material  were, 
predictably,  exhibited  by  the  higiily  to  critically  fractured  rock. 
Strengths  for  cores  cf  this  nature  generally  ranged  from  10,000  to 

18.000  psi;  the  only  dacite  porphyry  specimen  to  fail  at  less  than 

10.000  psi  was  highly  fractuied  and  yielded  a strength  of  only 
1,700  psi.  A compilation  of  individual  test  results  is  given  in 
Table  3-2. 


The  moderately  fraco..red  rock  exhibited  a variety  of  compressive 
strengths  ranging  from  17,000  to  4l,000  psi — rather  competent  rock. 
The  rock  containing  fine  incipient  fractures  was  substantially 
stronger  than  the  moderately  fractured  core  and  only  slightly  weaker 
them  the  intact  material,  indicating  that  fine,  tightly  closed  incip- 
ient fractures  had  little  effect  on  compressive  strength. 

Generally,  the  physical  properties  exhibited  by  the  dacite 
porphyrjf  were  very  similar  to  those  exiiibited  by  the  rhyolite  por- 
phyry. The  nature  and  degree  of  fracturing  apparently  affected  both 
materials  in  the  same  manner  and  to  Lhc  same  extent.  The  dacite 
porphyry  was  rather  brittle,  exliiblting  little  or  no  plastic  deforma- 
tion prior  to  failure.  The  sligiit  hysteresis  detected  was  apparently 
caused  by  sudden  slippage  along  already  present  fracture  surfaces  as 
opposed  to  energy  dissipation  in  the  intact  rock.  Considerable 
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macrofracturing  was  detected  in  the  pnotographs  taken  during  the 
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petrograph.ic  examin'Hti  or. . 

3.3  GRANChlORITE 

The  core  received  from  Hole  .G'.-CP-l6  war,  identifiea  as  g'^'^nodio- 
rite . This  material  v;as  generally  in  one  oi‘  two  co.nditions--intact 
or  moderately  fractured.  Results  c-f  physical  tests  v;ere  grouj.  d ac- 
cordingly. Detailed  results  are  given  in  Appendix  E.  A summary  of 
the  average  results  is  presented  in  the  following  tabulation. 


Property 

Intact 

Material 

Moderately 

Fractured 

Material 

Specific  gravity 

2.614  (4) 

2.619  (6) 

Schmidt  number 

50.9  (4) 

51.5  (5) 

Compressive  strength,  psi 

40,000  (4) 

29,570  (6) 

Compressional  wave  velocity,  fps 

17,825  (4) 

17,770  (6) 

Shear  wave  velocity,  fps 

9,570  (2) 

-- 

Note:  Number  of  specimens  tested  is  given  in  parentheses. 


The  core  received  from  Hole  ST-CR-I6  was  found  to  be  somewhat 
variable,  but  generally  quite  competent.  The  intact  material  was 
brittle  and  exhibited  negligible  hysteresis.  The  slight  rever.se 
curvatures  of  the  stress-strain  curves  (Appendix  E)  were  indicative 
of  some  initial  crack  closure. 

Wkiile  the  moderately  fractured  core  was  somewhat  weaker  than  the 
intact  rock,  it  was  still  relatively  competent,  exhibiting  compressive 
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strengths  ranging  from  l6,000  to  38,000  psi  (Table  3*3) • One  mod- 
erately fractured  specimen,  do.  21,  contained  a preexisting  shear 
plane  along  which  failure  occurred.  It  should  be  noted  that  while  the 
average  uniaxial  compressive  strengths  exhibited  by  the  two  groups 
iiffered  by  over  10,000  psi,  the  t'o  groups  did  not  encompass  inde- 
r^ndent  ranges  of  strength.  Instead,  strengths  yielded  by  the  rnod- 
■r^’tely  fractured  rock  graded  into  those  exhibited  by  the  intact 
material. 


3.4  ACID  METAVOLCANICS , BRECCIA,  AND  DOLOMITE 

Of  the  201  specimens  received  from  the  Scott  Area,  25  were 
petrographically  identified  as  acid  metavolcanics , breccia,  or  dolo- 
mite. H'lese  materials  were  taken  from  Holes  ST-CR-12,  -l8,  and  -26. 
Physical  properties  were  determined  for  7 of  these  25  specimens.  De- 
tailed results  are  given  in  Appendixes  D,  F,  and  H.  A summary  of  the 
average  results  is  presented  in  the  following  tabulation. 


Property 

Moderately 

Fractured 

Acid 

Metavolcanics 

Highly 

Fractured 

Acid 

Metavoiccuiics 

Criticalij' 

Fractured 

Breccia 

Highly 

Fractured 

Dolomite 

Specific  gravity 

2.830  (i) 

2.65U  (1) 

2.651  (1) 

2.786  (2) 

Schmidt  number 

62.0  (2) 

.. 

.. 

hk.2  (2) 

Compressive  strength,  psi 

33,170  (3) 

7,860  (1) 

8,520  (1) 

7,560  (2) 

Compressional  wave  velocity. 

fps  21,796  (3) 

— 

19,010  (1) 

i6,8U5  (2) 

Shear  wave  velocity,  fps 

11,800  (1) 

— 

9,915  (1) 

8,390  (1) 

Note;  Number  of  specimens  tested  is  given  in  parentheses. 
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With  the  exception  of  the  acid  metavolcanics  received  from  Hole  | 

ST-CR-12,  these  materials  v;ere  generally  found  to  be  highly 
cally  fractured  and  incompetent,  ranging  in  uniaxial  compresrive 
strength  from  ^,U80  to  9,(z35  psi.  Hie  moderately  fractur'^H  acid 
metavolcanics  from  Hole  3T-CR-12  were,  however,  very  competent,  ex- 
hibiting compressive  strengths  ranging  from  24,520  to  45,450  ]'ui  ' 

(Table 
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«Bi£  3.1  resuLTs  or  nnsicu  usTs  on  jhyoute  K>Rm«y 


CHAPTER  4 


SPECIAL  TESTS 


U.l  ELASTIC  MODULI 

Samples  representative  of  the  different  materials  in  each  hole 
were  selected  for  deformation  moduli  tests  for  the  data  reports. 
Results  of  the  moduli  tests  are  presented  in  Table  U.l.  Dynamic  mod- 
uli presented  in  these  data  reports  were  determined  by  the  seismic 
pulse  method  according  to  the  ASIM  proposed  "Standard  Method  of  Test 
for  Laboratory  Determination  of  Ultrasonic  Pulse  Velocities  and  Elas- 
tic Constants  of  Rock."  After  the  dynamic  tests  had  been  completed, 
portions  of  most  specimens  were  prepared  for  static  testing.  Static 
moduli  were  computed  from  measurements  taken  from  electrical- 
resistance  strain  gages  affixed  to  the  specimens.  The  tangent  modu- 
lus of  elasticity  and  Poisson's  ratio  were  computed  at  50  percent  of 
ultimate  strength . Static  moduli  were  not  determined  for  some  of  the 
more  highly  fractured  specimens  since  electrical-resistance  strain 
gages  applied  to  this  type  of  material  generally  yield  very  erratic 
results. 


The  rhyolite  and  dacite  porphyry  exhibited,  with  the  exception 
of  the  highly  fractured  material,  consistently  high  moduli.  Dynamic 
and  static  results  were  in  close  agreement.  Those  specimens  con- 
taining ti^tly  closed  fractures  ( moderate!:''  fractured  material  and 
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material  containing  fine  incipient  fractures)  generally  exhibited 
Young's  moduli  only  slightly  lower  than  those  exhibited  by  the  intact 
rock,  indicating  that  prior  to  catastrophic  failure  very  little 
slippage  occurred  along  the  fractures.  Jaeger^  states  that  "tiiC  ef- 
fective Young’s  modulus  of  a body  containing  closed  cracks  is  less 
than  its  intrinsic  Young's  modulus  if  the  surfaces  of  the  cracks 
slide  past  one  another." 

Moduli  exhibited  by  the  intact  granodiorite  were  somewhat  lover 
than  those  exhibited  by  the  porphyry,  but  static  and  dynamic  results 
were  again  in  exceptionally  close  agreement.  No  moduli  were  deter- 
mined for  the  fractured  granodiorite. 

Because  acid  metavolcanic , breccia,  and  dolomite  specimens  were 
relatively  scarce,  little  data  were  available  for  analysis  and  com- 
parison. Generally,  however,  the  moderately  fractured  acid  meta- 
volcanics  tended  toward  high  moduli  that  were  comparable  to  those 
exhibited  by  the  porphyry.  The  hi^ly  to  critically  fractured  brec- 
cia and  dolomite  exhibited  the  lowest  static  moduli  of  all  the  speci- 
mens tested  from  this  area. 


J.  C.  Jaeger  and  N.  G.  W.  Cook;  "Fundamentals  of  Rock  Mechanics"; 
1969;  Methuen  and  Company,  Ltd.;  London;  Unclassified. 


U.2  COMPARATIVE  TENSILE  TESTS 


Ei^t  NX-size-diameter  rock  specimens  were  selected  to  represent 

the  variation  of  rock  type  present  in  the  cores  received  from  the 

drill  holes  in  the  Scott  Area.  The  specimens  were  prepared  and 

tested  for  tensile  strength  according  to  the  ASTM  proposed  "Standard 

Method  of  Test  for  Direct  Tensile  Strength  of  Rock  Core  Specimens." 

For  comparative  purposes,  tensile  splitting  tests  were  conducted  on 

specimens  cut  adjacent  to  the  direct  tensile  test  specimens. 

Results  of  the  tensile  strength  tests  are  given  in  Table  4.2. 

Specimens  4-4,  I6-I3,  20-18,  and  28-14  failed  through  the  bonding 

agent  during  the  initial  test  attempts.  Specimens  ST-CR-7-13  and 

ST-CR-9-8  exhibited  direct  tensile  strengths  exceeding  the  strength 

of  the  bonding  agent.  Therefore,  direct  tensile  strength  of  these 

two  specimens  could  not  be  determined. 

The  tensile  strengths  of  the  competent  porphyry  and  granite  are 

relatively  high  in  comparison  with  those  of  other  materials.  A 

literature  review  yielded  limited  results  of  direct  tensile  strength 

2 

data.  However,  one  author  reported  very  few  tensile  strengths  ex- 
ceeding 1,000  psi  for  a variety  of  rock  types  tested.  Significantly, 
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the  porphyry  and  granite  materials  exJiibiting  rather  large  tensile 
strengths  also  exhibited  very  high  compressive  strengths. 

The  tensile  splitting  (indirect)  strengths  of  the  competent  rock 
are  exceptionally  high  (generally  tv;ice  as  great  as  the  direct  ten- 
sile strengths).  The  indirect  tensile  strength  should  be  greater 
than  the  direct  tensile  strength  because  in  the  direct  tensile 
strength  test,  the  specimen  has  a better  opportunity  to  fail  at  the 
point  of  minimum  strength.  Hius,  in  assessing  competency  of  a rock 
medium,  one  would  normally  utilize  the  direct  tensile  strength,  as  it 
is  the  more  conservative  result . 

The  direct  and  indirect  tensile  strength  results  are  comparable 
for  the  welded  tuff,  but  the  direct  tensile  strength  of  the  marl  is 
sufficiently  low  to  void  tensile  strength  as  a significant  physical 
property  of  this  material. 


U.3  ANISOTROPY  TESTS 

Compress ional  and  shear  velocity  tests  were  conducted  on  eight 
specimens  from  the  Scott  Area,  with  one  velocity  being  determined  in 
the  axial  direction  and  two  others  being  determined  on  mutually  per- 
pendicular diametral  (lateral)  axes,  as  previously  described  in  Sec- 
tion 2.8.  Results  of  the  velocity  determinations  are  presented  in 
Table  U.3. 

A convenient  method  for  determining  the  degree  of  anisGt‘>"cpy  is 
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to  examine  the  maximum  percent  deviation  from  the  average  of  the  com- 


pressional  wave  velocity,  hut  tlie  point  of  division  between  isotropy 
and  suiisotropy  is  difficult  to  define.  The  proposed  A3TM  test  method 
states  that  the  equations  for  computation  of  dynamic  elastic  moduli 
should  not  be  used  if  "any  of  the  three  compressional  wave  velocities 
vary  by  more  than  2 percent  from  their  average  value.  The  error  in 
Young's  modulus  (E)  and  shear  modulus  (g)  due  to  both  anisotropy  and 
experimental  error  then  does  not  exceed  6 percent."  On  this  basis, 
seven  of  the  eight  specimens  tested  were  determined  to  be  isotropic; 
the  medium-grained  granodiorite  from  Hole  ST-CR-I6  was  deteiTnined  to 
be  anisotropic. 

Computations  of  dynamic  elastic  moduli  and  constants  were  made 
on  the  seven  specimens  exhibiting  compressional  wave  deviations  of 
less  thaui  2 percent.  Results  are  presented  in  Table  4.U.  In  eval- 
uating these  results,  due  consideration  should  be  given  to  the  fact 
that  the  highly  fractured  rock  representative  of  portions  of  some 
core  from  this  area  could  not  be  prepared  for  the  special  tests. 

This  fractured  material  would  probably  have  exhibited  lower  veloci- 
ties and  a larger  compressive  deviation. 

To  evaluate  the  effect  of  anisotropy  on  a rock  mass,  the  state 
of  stress  expected  or  applied  should  be  determined.  Ihe  effect  of 
elastic  anisotropy  on  the  stress  distribution  is  greatest  for  a uni- 


axial state  of  stress,  a state  that  exists  in  very  little  massive 
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rock.  Obert^  indicates  that  if  the  stress  field  is  hydrostatic  and  the 
ratio  of  moduli  due  to  sinisotropy  is  approximate xy  two,  the  maximum 
difference  between  stress  for  the  isotropic  case  and  that  for  the  ani- 
sotropic case  would  be  only  10  to  13  percent.  He  further  states  that 

I It  can  be  inferred  that  for  most  rock,  the  effects  of 

j elastic  anisotropy  are  no  lai  ger  than  the  normal  vari- 

S ations  in  rock  strength  and,  hence,  they  can  be  ne- 

j glected.  The  most  likely  exceptions  to  this  general- 

i ization  would  be  strongly  foliated  metamorphic  rocks, 

I such  as  micaceous  schists .. .where  the  moduli  of  elas- 

I ticity  often  differ  by  a factor  greater  than  two. 3 

I 

i 

i 4.U  PETROGRAPHIC  EXAMINATION 

i 

Nine  boxes  of  NX-size  cores  from  holes  in  Iron,  St.  Francois, 
Madison,  and  Wayne  Counties,  Missouri,  were  received  for  testing  in 
July  1969.  Each  box  contained  about  15  feet  of  core  material  repre- 
senting several  depths  to  200  feet. 

The  contents  of  each  box  were  inspected  in  order  that  represent- 
ative material  from  all  significant  rock  types  could  be  selected  for 
petrographic  examination.  Inspection  of  the  cores  and  logs  indi- 
cated the  results  presented  in  the  following  paragraphs. 


Leonard  Obert  and  W.  I.  DuraJJ.;  "Rock  Mechanics  and  the  Design  of 
Structiires  in  Rock";  John  Wiley  and  Sons,  New  York,  N.  Y.;  I967; 
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UnclajBsified. 


Tfie  entire  core  was  blue- 


4.U.1  Hole  ST-CR-t^  ( 3Af'lS0-7  DC-l). 
gray  porphyritic  dacite,  with  inclusions  of  chlorite.  Steeply  dipping 
joints  were  closed  and  usually  coated  vrith  chlorite.  The  core  sec- 
tions, which  were  very  fresh,  sb.rwed  very  little  difference  in  degree 
of  weathering  and  alteration. 

h.U.2  Hole  ST-CH-26  ( S/uMSO-T  f'C-3) . At  least  five  rock  types 
were  present  ii.  uhis  core.  Hicy  wei-e  a green,  fine-grained,  acid 
metavolcanic ; a dark  red  and  black  breccia;  a reddish -brov/n  porphyry; 
a blue-gray  porphyry:  and  a black,  fine-grained  basalt.  All  the  sec- 
tions were  severely  fractured  and  jointed,  with  partings  varying  from 
nearly  vertical  to  horizontal. 

Pieces  2,  C)  and  1^^  were  the  light  green  acid  mct=^volcanic  rock 
and  contained  many  h.ieii-angle  and  horizontal  open  fractures.  Pieces 
1,  5,  fo,  7,  1'’,  19)  and  21  were  dark  breccia  or  volcanic  agglomerate. 
The  fragr:ent.o  included  were  black  and  red,  and  the  ground  mass  was 
reddish-brov.T! . ^11  pieces  contained  closed  iiigh-angle  and  vertical 

fractur<:’.:' . Pieces  10,  11,  11,  I-’- , 20,  and  22  were  reddish-brown 
porphyip" . Pieces  10,  11,  11,  and  lU  were  severely  fractiu"ed,  and 
Pieces  20  and  22  were  iransive,  witii  almost  no  visible  fractures. 

Pieces  1,  o,  and  16  were  blue-gray  porphyry.  All  of  these  pieces 
were  intact  and  were  logged  as  parts  of  large  inclusions  in  the 
brec  :ia  and  tr.e  rhyolite.  Pieces  12  and  IV  were  dark,  fine-grained, 
very  ma.ssive  basaltic  rocks.  Piece  8 was  part  of  an  aplite  dike 


cutting  the  breccia;  the  aplite  is  a minor  constituent  in  this  hole. 
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4.4.3  Hole  ST-CR-9  (SAMSO-7  DC-3).  The  entire  core  was 

j 

brownish-red  porphyry  with  a nearly  horizontal  flow  structure  and  ; 

\ 

many  vesicles  parallel  to  the  flow  structure.  There  were  few  visible  j 

fractures  present  in  the  core,  but  microfractures  were  apparent  under  i 

I 

magnification. 

j 

4.4.4  Hole  ST-CR-16  ( SAMSO-7  DC-4).  The  entire  core  was  light  • 

red,  mediiim-grained,  granitic  rock.  Pieces  2,  3,  12,  13,  l4,  19,  and 

20  contained  steeply  dipping  closed  fractures,  and  the  rest  of  the 
core  was  intact.  Pieces  1,  2,  and  3 were  slightly  weathered. 

4.4.9  Hole  ST-CR-lS  (SAMSO-7  DC-9).  This  core  was  compjsed  of 
dolomite  and  porphyry.  The  dolomite  was  li^t  gray  rock  ranging  from 
poorly  crystalline,  highly  fractured  rock  to  massive  marble.  The 
other  rock  type  was  reddish-brown  porphyry  that  was  predominantly 
intact . 

Pieces  1 through  7 were  dolomite,  with  Pieces  4 through  7 being 
finely  crystalline.  The  remainder  of  the  core  was  porphyry.  Pieces 
3 through  10  were  more  weathered  than  the  remainder  of  the  porphyry. 

4.4.6  Hole  ST-CR-20  (SAMSO-7  DC-6).  The  entire  core  was 
brownish-gray  highly  fractured  porphyry.  The  fractures  were  randomly 
oriented,  and  most  had  been  sealed  with  chlorite. 

4.4.7  Hole  GT-CR-12  (SAMSO-7  DC-7).  The  two  rock  types  were 
acid  metavolcanic  and  brownish-gray  porphyry.  Both  rocks  contained 
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tightly  closed  vertical  to  steeply  dipping  fractures.  Pieces  1 
through  lU  were  porphyry.  Ttie  rock  appeared  to  be  severely  sheared 
and  ti^tly  sealed  with  chlorite . The  rest  of  the  core  was  light 
green,  acid  metavolcanic  rock  that  intruded  and  included  the  porphyry. 

4.4.8  Hole  ST-CR-28  ( SAMSO-7  DC-8) . Ihe  entire  core  was 
grayish-red  porphyry,  severely  fractured  and  sheared,  with  a steeply 
dipping  flow  structure.  Fractures  ranged  from  fine,  sealed  partings 
to  open,  high-angle  fractures. 

4.4.9  Hole  ST-CR-7  ( SAMSO-7  DC -9) • ihe  entire  core  was  dark 
gray,  vesicular  porphyry,  showing  horizontal  flow  structure  including 
elongated,  filled  and  empty  vesicles. 

Sealed  and  open  fractures  were  present;  Pieces  1,  2,  3j  4,  8,  9» 
10,  11,  and  12  contained  open  fractures,  and  the  remaining  pieces 
contained  sealed  fractures. 

Tiifc  17  core  sections  chosen  for  petrographic  examination  were  as 
follows : 


CD 

Serial 
No . 

oAMSO-7 

Hole  !'Io . 

Piece 
Ho . 

Approx- 

imate 

Depth 

Rock  Description 

feet 

DC-1 

3T-CR-4 

1 

10 

Blue -gray  porphyry 

DC -2 

ST-CR-26 

7 

64 

Dark  reddish-brown  breccia 

12 

113 

Blue -gray  porphyry 

Ih 

136 

Green  metavolcanic 

( Continued) 
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CD 

Hole  He. 

Piece 

Approx- 

Rock  Description 

Serial 

Ho. 

imate 

No. 

SAMSO-7 

Depth 

feet 

DC-2 

ST-CR-20 

17 

156 

Hreen  metavolcanic 

(Cont 'd) 

22 

196 

Mixed  zone 

DC-3 

ST-CE-9 

V 

23 

Pro'-mish-red  porphyry  with  leached 
zone  and  contact  with  blue-gray 
porphyry 

DC-U 

ST-CR-16 

1 ' 

Granite 

DC-5 

ST-CR-lS 

1 

25 

Poorly  crystalline  , fractured 
dolomite 

5 

6h 

Light  gray  dolomitic  marble 

22 

195 

Reddish-brown  porpihyry 

DC-6 

ST-CF-20 

13 

127 

Brownish -gray  porphyry 

DC -7 

ST-CR-12 

33 

Brownish -gray  porpliyry 

lU 

118 

Severely  sheared  brownish-gray 
porphyiy 

21 

179 

Light  green  acid  metavolcanic 

dc-8 

ST-CH-2 J 

73 

Grayi  sh -red  p'orphy r;/ 

DC-9 

oT-CP-7 

11 

113 

Vesicular  caiv.  gree;.  p.jimhyi'y 

U,5  TEST  FETTEjjRE 

Each  :f  the  17  pieces  of  core  was  saved  axially,  and  nne  saved 
surface  ~f  '^ac!-.  piece  was  poi;.  sh-  d and  photograrhed . G'  n-p^asite 
sampjes  were  obtained  frori  the  wliole  length,  or  from  selected  portions 
from  the  unpolished  halves  of  each  piece.  The  samples  were  ground 
to  pass  a , 327  sieve  X-ray  diffraction  ( XRD)  patterns 
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were  made  of  each  sample  as  a tight-packed  pcwder.  The  samples 
X-rayed  are  listed  below: 


SAMSO-7 

ST-CR- 

Piece 

Description  of  X-Ray  Sample 

DC-1 

h 

1 

Entire  length  was  sampled 

DC -2 

26 

7 

Matrix  of  breccia  only 

12 

Entire  length  was  sampled 

17 

Entire  length  was  sampled 

DC-3 

9 

3 

Reddish-brown  rock,  leached  rock,  and  blue- 
gray  rock  were  sampled  separately 

DC -4 

l6 

8 

Enrire  length  was  sampled 

DC-5 

18 

1 

Entire  length  was  sampled 

C 

Entire  length  was  sampled 

22 

Entire  length  was  sampled 

DC-6 

20 

13 

Entire  length  was  sampled 

DC-7 

12 

k 

Entire  length  was  sampled 

Ik 

Entire  length  was  sampled 

21 

Green  rock  sampled;  inclusion  omitted 

DC-8 

28 

8 

Entire  length  was  sampled 

DC-9 

7 

11 

Entire  length  was  sampled 

When  it  was  possible,  coatings,  fracture  fillings,  and  inclu- 
sions were  separated  and  ground  to  pass  a No.  325  sieve  (UUu).  These 
samples  were  slurried  with  water  on  a glass  slide  and  X-rayed  in  the 
air-dried  condition. 

All  X-ray  diffraction  patterns  were  made  using  an  XRD-5  diffrac- 
tometer with  nickel-filtered  copper  radiation.  Polished  and  broken 
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surfaces  of  each  piece  v.'ere  examined  with  a stereomicroscope.  Small 
portions  of  the  powdered  samples  v;ere  tested  with  dilute  hydrochloric 
acid  and  with  a magnet  to  determine  whether  carbonate  minerals  or  mag- 
netite were  present.  Thin  sectior.s  were  prepared  from  Pieces  12,  15, 
and  22  of  Core  26;  Pieces  U arid  21  of  Core  12;  and  Piece  13  of  Core  20. 
A polarizing  microscope  was  used  to  examine  the  thin  sections. 


k.6  RESULTS 

The  relation  of  +he  cores  examined  to  the  geologic  units  in  the 
area  is  shown  in  Table  ^4.5.^’^  A1 1 of  the  rocks  examined  except  the 
dolomites  were  Precaml'rian.  The  groups  represented  are  the  Middle- 
brook  and  Van  East  groups  of  extrusive  and  intrusive  felsites,  and 
the  younger  Bevos  group  of  granitic  intrusives;  the  Middlebrook  is 

5 

regarded  as  the  oldest.  Snyder  and  Wagner  suggest  that  this  area 


William  C.  rfughes;  "Precambrian  Rock  Units  in  Missouri";  Taidebook 
to  the  Geology  of  the  St.  Francois  Moimtain  Area,  Report  of  Inves- 
tigations Wo.  26;  106l;  State  of  Missouri  Geological  Survey; 
Unclas.si  fied . 

F.  G.  Snyder  and  R.  E.  VJagner;  "’h:'e Cambrian  of  Southeastern 
Missouri,  Status  and  Problems":  Guidebook  to  the  Geology  of  the 
St.  Francois,  Mountain  Area,  Report  of  Investigations  Wo.  26;  I96I; 
State  of  Missouri  leolcgical  Survey;  Unclassified, 


has  been  repeatedly  folded,  faulted,  and  intruded.  The  sheared  con- 
dition of  many  of  the  cores  reflects  such  a history,  and  repeated 
fracturing  at  different  angles  is  believed  to  explain  some  of  the 
variations  in  compressive  strength  in  groups  of  rocks  of  similar 
composition  and  texture.  The  rock  types  found  are  discussed  below. 

U.6.1  Dacite  Porphyry.  Cores  SAMSO-7  DC-1,  -6,  -8,  anu  parts 
of  Cores  DC-2  and  -7  (Figures  4.1  throu^  4.4)  were  logged  as  blue- 
gray  rhyolite  porphyry.  X-ray  diffraction  and  examination  of  thin 
sections  indicate  that  very  little  potassium  feldspar  is  present  in 
these  cores.  The  bulk  composition  of  this  rock  is  quartz,  plagio- 
clase  feldspar  (near  oligoclase) , chlorite,  biotite,  and  magnetite 
(Table  4.6).  The  phenocrysts  are  plagioclase  feldspar  and  quartz; 
by  composition,  the  rock  is  classified  as  dacite  porphyry  in  the 
Shand^  system.  Piece  4 from  Hole  DC-1  (at  right  in  Figure  4.1)  is  a 
representative  sample.  In  thin  section,  the  rock  is  composed  of 
severely  fractured  phenocrysts  of  plagioclase  and  quartz  in  a very 
finely  crystalline  ground  mars  of  quartz  and  plagioclase.  Chlorite 
is  found  in  sealed  fractures  and  as  an  alteration  product  of  biotite. 
Unaltered  magnetite  is  disseminated  throughout  the  rock.  Variations 


S.  J.  Shand;  "Eruptive  Rocks";  Third  Edition,  1947;  John  Wiley  and 
Sons,  New  York,  N.  Y.;  Unclassified. 
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in  compressive  strength  of  this  roch  are  probably  due  primarily  to 
variation  in  nature  and  degree  of  fracturing  present  in  the  c;'i'e. 

k.6.2  Rhyolite  Porphyry.  All  of  Cores  DC-3j  -7,  and  -9  and 
parts  of  Cores  DC-2  and  -5  (Figures  4.5  throu^  4.8)  were  described 
in  field  logs  as  rhyolite  poiohyries.  X-ray  diffraction  patterns 
and  thin  section  analysis  indicate  that  these  rocks  are  rhyolite 
porphvry,  containing  quartz  and  equal  amounts  of  potassium  and  plagio- 
clase  feldspar.  Piece  22  of  DC-2  (Figure  4.8)  and  Piece  22  of  DC-S 
(Figure  4.5)  represent  this  rock;  they  are  described  below.  Hie  bulk 
composition  is  quartz,  plagioclase  (near  oligoclase) , and  potash 
feldspar,  with  minor  amounts  of  biotite,  chlorite,  and  magnetite 
(Table  4.6).  Examination  of  the  thin  section  of  DC-2,  Piece  22, 
indicated  that  the  rhyolite  porphyry  resembles  the  dacite  in  composi- 
tion except  that  the  rhyolite  contains  orthoclase  as  phenocrysts  and 
orthoclase  in  the  ground  mass  (Figure  4.8).  Tlie  rhyolite  porpiiyries 
have  fewer  phenocrysts  and  better  developed  flow  structure  than  the 
dacite  porphyries  and  contain  many  vesicles  elongated  parallel  to 
the  flow  structure  (Figures  4.5  and  4.6).  The  cores  are  essentialiy 
imiweathered.  Variations  in  compressive  strength  are  believed  to  re- 
s\ilt  from  different  orientation  and  different  degrees  of  sealing  of 
joints  and  fractures. 

4.6.3  light  Gray  Dolomite.  This  rock  made  up  the  top  80  i'ect 
of  DC-5  and  was  logged  as  hi^ly  fractured  marl.  X-ray  diffraction 


examinations  of  Pieces  1 and  5 showed  the  rock  to  be  dolomite, 
ranging  from  a hi^ly  fractured,  porous,  poorly  crystalline  rock  in 
Piece  1 to  massive,  dolomitic  marble  in  Piece  5 (Figure  ^.9)-  Ibe 
upper  50  feet  of  dolomite  was  porous  rock  that  had  a bulk  composition 
of  dolomite  and  minor  clay  mica  in  thin  horizontal  bands  defining 
bedding  planes . The  remainder  of  the  rock  was  dolomitic  marble  with 
a bulk  composition  of  dolomite,  epidote,  and  illite.  The  dolomitic 
marble  exhibited  higher  compressive  strength  values  than  did  the 
porous  dolomite,  probably  because  the  marble  was  less  porous  than  the 
dolomite  and  did  not  contain  fractures  at  critical  angles. 

U.6.4  Dark  Gray  Breccia.  This  rock  was  fovind  only  in  DC -2, 
Pieces  1,  5j  6,  7,  18,  19,  and  21.  The  matrix  was  dacitic  at  the 
top,  containing  only  plagioclase  feldspar  at  the  top  of  the  hole  but 

■m. 

increasing  in  potassi\im  feldspar  to  the  composition  of  rhyolite  with 

i- 

increasing  depth.  The  included  fragments  were  rounded  basalt  except 
near  the  bottom  of  the  hole , where  the  breccia  contained  a lower 
proportion  of  fragments  and  of  basalt  fragments.  However,  some 
granitic  fragments  were  present.  Piece  7 of  DC-2  (Figure  4.10)  rep- 
resented thv?  breccia.  This  rock  was  sheared  and  fractured,  but  the 
fractures  were  usually  sealed  with  chlorite,  epidote,  and  quartz. 
There  was  a great  deal  of  magnetite  present  in  most  of  the  pieces . 

4.6.5  Pink  Granodiorite . All  of  the  core  in  DC -4  was  logged  as 
hornblende  granite.  Examination  of  the  sample  indicated  that  it  was 


mediuta-grained,  biotite,  chlorite  granodiorite . Chlorite  was  present 
as  an  alteration  product  of  biotite.  Piece  8 of  DC-k  (Figure  4.11) 
was  representative  of  this  type.  The  bulk  composition  was  plagio- 
clase,  orthoclase,  quartz,  biotite,  and  cl-jlorite.  About  one-third 
of  the  pieces  of  the  core  contait.<'d  fractures,  most  of  which  were 
sealed  with  chlorite.  Differences  in  compressive  strength  were  ap- 
parently due  to  the  fractures,  as  the  rock  was  otherwise  homogeneous. 

4.6.6  Green  Metavolcanics . SAMSO-7  DC-2  Sections  2,  3>  15 j 
and  17  and  DC-7  Sections  15  through  21  belonged  to  this  group.  The 
rocks  ranged  from  acidic  green  highly  fractured  rocks  with  well- 
developed  flow  structure  to  massive,  structureless,  dark  green  ba- 
saltic rocks.  The  green  rock  is  logged  as  welded  tuff  (Sections  l4 
through  23)  in  the  field  log  of  SAMSO-7  DC-7  (ST-CR-12)  and  as  low- 
grade  metamorphics  in  DC-2  (ST-CR-26)  (Sections  2,  3»  and  15).  Sec- 
tion 21  of  DC-7  (on  right  in  Figure  4.3)  was  representative  of  this 
group.  Tlie  bulk  composition  was  quartz,  plagioclase,  chlorite,  bio- 
tite, and  magnetite.  The  rock  was  unifomly  fine-grained  and  con- 
tained both  open  and  closed  fractures . The  greenstone  intruded  and 
included  a felsitic  rock  (Figure  4.3).  The  rock  in  DC-7  was  more 
massive  than  the  rock  in  DC-2,  which  accounts  for  the  higher  compres- 
sive strengths  of  the  volcanics  in  DC-7. 

4.7  SUMMARY 

Petrographic  examination  of  17  sections  of  core  from  nine  holes 


in  the  St.  Francois  Mouijtain  area  of  southeastern  Missouri  indicated 


that  six  rock  types  were  represented:  dacite  porphyry,  rhyolite 

porphyry,  dark  gray  volcanic  breccia,  acid  metavolcanics , granodio- 
rite,  and  dolomite.  The  dacite  and  rhyolite  porphyries  were  the  most 
abundant  types  in  the  cores  (Table  4.5).  Differences  in  compressive 
strength  and  elastic  properties  among  the  rocks  of  each  type  appear 
to  have  arisen  from  the  number  of  fractures,  whether  the  fractures 
were  open  or  recemented,  and  the  inclination  of  the  fractures  present 
in  each  test  specimen.  All  of  the  rock  types  represented  are  de- 
scribed in  the  preceding  paragraphs.  The  relations  of  the  rock  types 
to  the  geologic  units  of  the  area  are  summarized  in  Table  4,5,  and 
the  mineral  compositions  of  the  rocks  are  presented  in  Table  4,6. 
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Group  Description  Static  Moduli  Static  Dynaaiic  Moduli  Dynamic 

Poisson's  Poisson' 

Young's  Bulk  Shear  Ratio  Young's  Bulk  Shear  Ratio 


TABLE  4.2  TENSILE  STRE^aJTH  DETERMINATIONS 


YNAMIC  EIASTIC  PROPERTIES 


TABLE  *+.5  RELATION  OF  CORES  EXAMINED  TO  AREAL  GEOLOGIC  UNITS 


According  to  U.  3.  Army  Engineer  Waterways  Experiment  Station  identification  using  Shand's  system  for 
igneous  rocks. 


TABLE  L.6  BUUC  COMPOSITION  OF  CORES  SAMSO-7  DC-1  THROUGH  DC-9  AS  DETOWCNED  BY  X-RAY  DIFFRACTION 


As  determined  by  use  of  Shand's  system  for  Igneoua  rocks 


1 * ' / 


>^1  - 


t>  r 


Figure  4.1  Riotograph  of  Core  SAMSO-7  DC-1  (l)  and  DC-1  (4). 
SAMSO-7  DC-1  (l)  (left)  is  dacite  porphyry  with  abundant  pale 
phenocrysts  of  plagioclase  and  quartz.  SAMSO-7  DC-1  (4)  (ri^t) 
is  sheared  dacite  porphyry;  the  li^t  lines  are  fractures. 
Phenocrysts  are  less  abundant.  Actual  size. 
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Figure  4.3  Hiotograph  of  Cores  SAMSO-7  DC-7  (l^)  (left)  and 
DC-7  (21)  (ri^t).  DC-7  (l4)  is  hi^ly  sheared  dacite  porphyry; 
white  lines  are  sealed  fractures,  and  minute  white  specks  are 
magnetite.  The  original  texture  has  been  destroyed.  DC-7  (2l) 
is  metavolcanic  with  dark  rhyolite  inclusions  (upper  portion  of 
lower  half  and  upper  right)  in  the  greenstone.  In  the  lower 
quarter,  flow  stinicture  is  shown  by  streaks  of  gray  magnetite. 
Pale  lines  are  sealed  fractures.  Actual  size. 


Figure  4.6  Photograph  of  Core  SAMSO-7  DC-9  (H)-  The  core  is 
rhyolite  porphyry  and  shows  a well-developed  flow  structure 
normal  to  the  long  axis  of  the  core.  The  flow  structiire  is  ex- 
pressed by  oriented  phenocrysts  of  quartz,  plagioclase,  and 
orthoclase,  and  filled  vesicles.  The  fractures  are  sealed. 
Actual  size. 
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iffare  U.8  Photograph  of  Cores  SAMSO-7  DC-2  (15)  (left)  and 
■"-2  (22)  (right).  Piece  at  left  is  rhyolite  porphyry  with 
arked  flow  structure  including  a partly  assimilated  basalt 
ragment.  In  the  piece  at  the  right,  the  lower  half  is  a^yS" 
aloidal  rhyolite  intruded  by  porphyritic  rhyolite  (v^per  half), 
hich  contains  partly  assimilated  dark  inclusions.  The  frac- 
uring  of  the  rock  in  the  lower  half  antedated  the  intrusion 

f the  upper  rock. 
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Figure  4.9  Photograph  of  Cores  SAMSO-7  DC-5  (l)  (left)  and 
DC-5  ( 5)  ( right) . Porous  dolomite  DC-5  ( 1)  at  left  shows  many 
fractures,  either  open  or  partially  filled  with  clay  mica  (il- 
iite) , and  dark  areas  containing  epidote . Dolomitic  marble 
in  DC-5  (5)  is  the  metamorphic  equivalent  of  the  rock  at  the 
left.  The  porosity  has  been  reduced,  eund  the  fractures  are 
sealed. 
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CHAPTER  5 

DISCUFSION  AND  CONCLUSIONS 

5.1  DISCUSSION 


Evaluation  of  the  test  results  from  the  Scott  Area  cores  on  a 
hole-to-hole  basis  indicates  that  Holes  ST-Cr<.-4,  -l6,  -9j  and  -20 
contain  guod  rock  throughout  the  entir‘='  depth  tested.  The  rock 
quality  chart  (Figure  5.l)j  which  is  based  on  compressive  strength 
divided  into  three  categories  (good,  marginal,  and  poor),  indicates 
further  that  Holes  ST-CR-26,  -l8,  and  -28  contain  zones  of  poor  rock 
near  the  surface,  i.e.,  less  than  50  feet,  and  that  Holes  ST-CR-26, 
-l8,  and  -7  contain  zones  of  marginal  quality  to  depths  of  I3O  feet. 
Significantly,  only  one  nole,  ST-CR-12,  contained  poor  quality  rock 
at  any  depth  greater  tham  50  feet.  The  locations  of  the  drill  holes 
are  shown  in  Figure  5*2. 

It  is  noted  in  the  petrographic  report  (Section  L.U)  that  much 
geologic  shearing  and  fracturing  has  occurred  in  the  area.  However, 
most  of  the  fractures  had  been  sealed  with  chlorite.  Apparently,  the 
strength  of  the  rock  samples  was  dependent  primarily  on  tiiO  effec- 
tiveness of  this  chlorite  seal. 

S.2  CONCLUSIONS 

Based  on  the  results  of  tests  of  rock  core  specimens  received 
from  the  Scott  Area,  the  follcrwing  conclusions  appear  warranted; 


d 


1.  Ihe  core  was  petrographically  identified  as  predominantiy 


I 

I 

t 


\ 


is 


I, 

I 

i. 


rhjolite  and  dacite  porphyry  with  some  granodiorite  and  small  amounts 
of  dolomite,  acid  metavolcanics , and  dark  gray  volcanic  breccia. 

2.  Based  on  physical  appearance,  several  distinct  groups  of 
material  were  represented  within  the  different  rock  types : intact 

j rock;  rock  containii\g  fine  incipient  fractures;  moderately  fractured 

I j'ock,  i.e.,  material  containing  a relatively  sma].l  number  of  healed 

^ and/or  tightly  closed  fractures;  highly  to  critically  fractured  rock, 

j i.e.,  rock  containing  open  fractures  and  ci’itically  oriented  frac- 

I tures  (inclined  at  30  to  70  degrees  with  respect  to  the  horizontal); 

and  rock  containing  vesicles. 

' 3«  The  hi^ly  to  critically  fractured  material,  comprising  ap- 

proximately 10  percent  of  the  test  specimens,  exhibited  marginal 
strength  r'.iaracteristics . 

' U . The  moderately  fractured  to  intact  material  was  very 

competent. 

5«  The  vesicular  material  from  Hole  ST-CR-9  exhibited  lower 
strengths  than  did  the  moderately  fractured  material,  but  was  still 
I relatively  competent  rock. 

I 

I 6.  The  consistently  high  coinpressional  wave  velocities  indicate 

I 

I that  the  macrofracturing  is  generally  of  a tightly  closed  nature. 

7.  Resv  '■s  of  th ree -dimens j onal  conpressional  wave  velocity 
tests  conducted  on  representative  specimens  indicate  that  the 


I 


6U 


I 

.? 

fractured  to  intact  core  is  generally  quite  isotropic.  Tlie  granodio-  ; 

i 

rite  is  somevjhat  anisotropic  (3-7  percent  variation).  Due  considera-  ! 

tion  should  he  given  to  the  fact  that  the  uighly  fractured  material 
not  represented  in  these  tests  would  probably  exhibit  larger  compres- 
sive deviations  indicative  of  greater  degrees  of  anisotropy. 

8.  The  core  is  generally  quite  brittle,  exhibiting  little, 
if  any,  hysteresis. 

9.  Direct  and  indirect  tensile  strengths  exhibited  by  the  rhyo- 
lite and  dacite  porphyry  and  granite  are  very  high,  but  correlate 
rather  well  witn  the  relatively  high  compressive  strengths.  Direct 
tensile  strength  was  found  to  range  from  approximately  5 to  10  per- 
cent of  the  uniaxial  compressive  strength. 

10.  Young's  moduli  exhibited  by  the  dacite  and  rhyolite  por- 
phyry were  consistently  high,  averaging  about  12  million  psi.  Mod- 
uli exhibited  by  the  granite  were  slightly  lower. 

11.  E-'alijation  of  the  core  on  a hols-to-hole  basis  indicates 
that  Holes  ST-CR-4,  -9,  -I6,  and  -20  yielded  good  competent  rock 
thrc'oghout  the  depths  represented.  As  illustrated  in  the  rock  quality 
chart,  iioles  OT-CR-I8,  -26,  and  -23  contained  zones  of  incompetent 
material  near  the  surface,  i.e.  less  than  50  feet.  Only  Hole  ST-CR-12 
yielded  core  of  poor  to  marginal  quality  at  depths  greater  than 

50  feet.  Further  investigation  will  be  required  to  fully  evaluate 
the  area . 
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APPENDIX  A 

DATA  REPORT 
Hole  ST-CR-4 
14  July  1969 

Hole  Location:  Iron  County,  Missouri 

Tovmship  T34N,  Ranf^e  R3E,  Section  13 
2800’  rail  1300'  S/NL  NE  1/4  NW  lA 


Core 

1.  The  following  core  was  received  on  7 July  1969  for  testing: 
Core  Piece  No.  Approximate  Depth,  ft 


1 

10 

2 

19 

3 

27 

4 

30 

5 

39 

6 

51 

7 

61 

8 

71 

9 

79 

10 

88 

11 

100 

12 

108 

13 

116 

14 

125 

15 

133 

16 

141 

17 

151 

18 

155 

19 

162 

20 

171 

21 

181 

22 

192 

23 

200 

Description 

2.  The  samples  received  were  gray  to  gray -green  rock  identified  as 
felsite  porphyry  and  rhyolite  porphyry  by  the  field  log  received  with  the 
core.  Piece  No.  1 appeared  to  be  an  olivine  inclusion.  Piece  Nos.  2,  4, 
6,  9,  10,  13,  14,  16,  20,  22,  and  23  contained  seams  and/or  tightly  closed 
fractures. 
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3.  To  determine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compressive  strength,  and  compressional  wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 
given  below: 


Sample  Core  Schmidt  Comp  Comp  Wave 


No. 

Description  1 

Depth 

Sp  Gr 

No.* 

Strg,  psi 

Vel,  fps 

1 

Gray,  Intact 

[ 

10 

2.692 

57.4 

65,240 

20,995 

2 

Black,  Intact** 

19 

2.687 

— 

42,290 

21,310 

3 

Black,  Intact** 

27 

2.697 

59.6 

31,900 

20,695 

7 

Black,  Intact 

fil 

^ * ■ 

2.683 

— 

47,340 

21,355 

9 

Gray,  Fractured 

79 

2.687 

— 

21,820 

20,280 

11 

Gray,  Intact 

100 

2.697 

55.3 

48,060 

20,460 

13 

Gray,  Fractured 

116 

2.692 

-- 

17,320 

20,335 

14 

Gray,  Fractured 

125 

2.684 

— 

13,100 

22,260 

21 

Gray,  Intact 

181 

2.702 

56.2 

44,460 

20,535 

Average 

of  Fractured  Specimens 

2.688 

— 

17,410 

20,960 

Average  of  Black  (Intact) 
Specimens 

2.689 

59.6 

40,510 

21,120 

Average  of  Gray  (Intact) 
Specimens 

2.697 

56.3 

52,585 

20,665 

* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 

possibility  of  breakage. 


**  Specimr.is  discovered  to  have  very  small  macrocracks  which  may  have 
initiated  failure. 
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4.  In  spite  of  the  pre-existing  fracturing  present  in  some  of  the 
specimens,  tests  indicated  the  rock  to  be  competent  to  very  competent 
material.  The  rather  high  strengths  for  fractured  rock  may  be  attributed 
to  the  fact  that  almost  all  of  the  fractures  were  vertical  or  nearly 
vertical  and  tightly  closed.  The  compressive  wave  velocities  for  these 
same  specimens  were  also  rather  high  for  fractured  rock,  this  again  being 
attributed  to  the  vertical  nature  of  the  fractures.  The  compressive  waves 
must  cross  the  fracture  (unlikely  in  the  case  of  vertical  fractures)  in 
order  to  experience  a decrease  in  velocity. 

5.  All  of  the  intact  specimens  showed  high  compressive  strengths, 
indicating  that  the  rock  was  very  competent.  One  specimen.  No.  1,  was 
identified  by  the  field  log  to  be  an  olivine  inclusion. 

Moduli  of  deformation 

*>.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by  the 
proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities  and 
elastic  constants  of  rock.  The  static  moduli  were  computed  from  theory  of 
elasticity  by  use  of  strain  measurements  taken  from  electrical  resistance 
strain  gages  affixed  to  the  specimens.  Nos.  1 and  7.  Stress-strain  curves 
are  given  in  plates  1 and  2.  Specimen  7 was  cycled  at  20,000  psi  and 
specimen  1 at  30,000  psi.  Results  are  given  below. 


Speciren 

Modulus,  psi  X 10^ 

Shear 

Poisson's 

No. 

Young's  Bulk  Shear 

Velocity,  fps 

Ratio 

Dynamic  Tests 


1 

12.5 

9.5 

4.9 

11,615 

0.28 

7 

12.2 

10.2 

4.7 

11,415 

0.30 

(Continued) 
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(Continued) 


Specimen 

Modulus 

, psi  X 10^ 

Shear 

Poisson's 

No. 

Young's 

Bulk 

Shear 

Velocity,  fps 

Ratio 

Static 

Tests 

1 

12.6 

8.8 

5.0 

-- 

0.26 

7 

12.0 

7.7 

4.8 

w — 

0.24 

All  of  the  rock  tested  herein  is  apparently  rather  rigid  material  exhibiting 
no  hysteresis  under  the  cyclic  stresses  applied. 

Conclusions 

7.  The  core  received  for  testing  from  hole  ST-CR-4  was  identified 
as  felslte  porphyry  and  rhyolite  porphyry  by  the  field  log  received  with 
this  core.  All  of  the  core  was  gray  to  gray-green  colored;  some  fracturing 
was  present.  Specimen  No.  1 was  an  olivine  inclusion.  In  spite  of  the 
lower  physical  test  results  obtained  on  the  fractured  specimens,  as  given 
below,  compressive  strengths  indicated  that  even  the  fractured  rock  was 
relatively  competent.  Compressive  velocities  did  not  reflect  the  reduced 
strength  in  the  fractured  rock,  apparently  due  to  vertical,  tightly  closed 
nature  of  the  fractures. 

Black  Gray 


Property 

Fractured 

(Intact) 

( Intact 

Specific  Gravity 

2.688 

2.689 

2.697 

Schmidt  No. 

— 

59.6 

56.3 

Compressive  Strength,  psi 

17,410 

40,510 

52,585 

Compressions!  Wave  Velocity,  fps 

20,960 

21,120 

20,665 
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nAT\  I'.rAORT 
I'ole  s~-Ci’.-7 
i A i;:ust 

Hole  I.' cat  ion:  Iren  iHninty,  Missouri 

Township  34N,  Pnniro  2",  Section  27 

Core 

1.  The  f ollowin;  core  was  r.  ccived  on  Aufiiist  19h9  for  testing;; 
■lore  :'i;.-ce  No.  Approximate  Depth,  ft 


1“^ 

•m 

22 

3 

2^ 

n 

40 

5 

s 

71 

7 

75 

c 

S2 

Q 

93 

Id 

103 

1 1 

113 

12 

124 

13 

132 

14 

141 

1 5 

147 

Descript  ion 

2.  The  samples  ' civeH  wore  bl  tie-Rray-co  1 ored  rock  identified 
as  rhyolite  jjorphyry  by  the  field  log;  received  with  the  core.  All 
specimens  contained  fractures,  either  open  or  sealed.  The  fractures 
described  as  open  actually  apiv^arcd  to  have  some  void  space,  between 
the  intact  oieces.  The  voids  were  not  continuous,  however,  as  sufficient 
adhesion  was  present  between  the  intact  pieces  to  permit  preparation  and 
testing  of  the  samples  as  an  intepral  specimen.  The  sealed  fractures 
were  verv  tichtlv  sealed  cracks  with  n.o  evidence  of  void  space. 


I Quality  and  uniformity  testa 

? ... 

I 3.  To  determine  variations  within  the  hole,  specific  gravity, 

S 

t 

: Schmidt  number,  compressive  strength,  and  compress ional  wave  velocity 

I 

' were  determined  on  specimens  prepared  from  representative  samples  as 


given  below: 


Sample 

No. 

Description 

Core 

Depth 

Sp  Gr 

Schmidt 

No.* 

Comp 

Strg,  psi 

Comp  Wave 
Vel,  fps 

4 

Rock  with  Open 

43 

i 2.552 

51.7 

15,150 

20,435 

FTact  ures 

1 

5 

Rock  with  Open 

SI 

2.545 

— 

15,1 50 

20,400 

Fracturec 

>S 

Rock  with  Sealed 

71 

2.5  59 

55.2 

35,150 

20 , 750 

Fractu  rr  s 

7 

Rock  with  Sealed 

75 

2. 5-^0 

55.0 

2 1 , 1 80 

20, 54  5 

Fractures 

9 

Rock  with  Open 

93 

2.54s 

.. 

17,480 

20,390 

Fractures 

12 

Rock  with  Open 

124 

2.S57 

.. 

8,090 

20, 170 

Fractures 

i 

13 

Rock  with  Sealed 

132 

2.555 

57.2 

42,270 

20,350 

Fractures 

14 

Rock  with  ,Seale<l 

141 

2.5S3 

58. 7 

35 , 750 

20 ,380 

Fract  ures 

L.- — : 

Average 

Rock  wi  th  (ipen 

Fractures  (4) 

2.‘^5.) 

51.7 

13,970 

20,350 

Average 

Hock  with  Sealed 

Fractures  (4) 

2.557 

67.0 

33,590 

20,510 

* Schmidt  ham’^er  fc.st  not  conducted  on  several  specimens  due  to 
possibility  of  break  ape. 


U.  The  group  composed  of  specimens  containing  sealed  fractures 
exhibited  a much  larger  average  compressive  strength,  a slightly 
greater  average  compressional  wave  '’e’ecity,  and  a somewhat  larger 
average  Sciimidt  number.  The  average  compressi'-nal  wave  velocity 
would  probably  have  better  reflected  the  large  difference  in  compressive 
strength  had  the  majority  of  the  fracturing  not  been  of  a vertical  or 
high-angle  nature. 

Moduli  of  deformation 

5.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by 
the  proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 
theory  of  elasticity  by  use  of  strain  measurements  taken  from  electrical 
resistance  strain  gages  affixed  to  the  specimens,  Nos.  6 and  14,  Stress- 
strain  curves  are  given  in  plates  1 and  2.  Specimens  6 and  14  were  cycled 
at  20,000  psi.  Results  are  given  below. 


Specimen 

No. 


Modulus,  psi  X 1 0 


Shear 


Young ' s Bui k Shear  Velocity,  fps 
Dynamic  Tests 


Poisson ’ s 
Ratio 


t. 

) 

4 

9.9 

10,0 

3.7 

10,190 

0,33 

1 

(S 

11.3 

9.6 

4.4 

11 ,035 

0.30 

1 

t 

14 

11.4 

9.1 

4.4 

11,060 

0.29 

i 

* 

J! 

Stat ic 

Tests 

6 

12.2 

9.8 

4.7 

0.29 

iv 

14 

11.8 

6.3 

5.0 

— 

0.19 

1 

All  of 

the  rock  tested 

herein  is 

apparent ly 

rather  rigid 

material 

exhibiting  little  hysteresis. 


Cone  1 us ions 


6.  The  core  received  for  test  ire  from  hole  ST-CR-7  was  identified 
as  blue-gray  rhyolite  pori-byty  by  the  field  log  received  with  the  core. 
All  of  the  specimens  contained  fractures,  some  open  and  some  sealed. 

The  group  of  specimens  containing  se.ale.d  fractures  exhibited  an  unenn- 
fined  compressive  strength  almost  20,100  psi  greater  than  the  group 
containing  open  fractures.  However,  since  most  of  the  fracturing  was 
of  a high-angle  nature,  this  larger  comoressive  strength  was  not 
reflected  by  compressi ona 1 wave  velocities.  All  of  the  material  was 
quite  rigid. 


Property 


Pock  with  Rock  with 

Open  Fractures  Sealed  Fractures 


Specific  Gravity  2.550  2,557 

Schmidt  No,  5i.7  57.0 

Compressive  Strength,  psi  13,970  33,590 

Compressional  Wave  Velocity,  fps  20,350  20,510 

Young's  Modulus,  psi  x lO*’  — 12.0 
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PLATE  2 


STRADI,  microlr\/i 


APPENDIX  C 


DATA  REPORT 


Hole  ST-CR-9 


24  July  1969 

Hole  Location:  Iron  County,  Missouri 

Township  35N,  Range  IE,  Section  25 
1980’  EAfL,  1670’  S/NL,  SE  1/4  NW  lA 


1.  The  following  core  was  received  on  14  July  1969  for  testing: 


Core  Piece  No. 


Approximate  Depth,  ft 


Description 

2.  The  samples  received  were  pinkish-gray  to  blue-gray  rock 
identified  as  rhyolite  porphyry  by  the  field  log  received  with  the  core. 
Piece  Nos.  1,  3,  4,  5,  6,  8,  9,  10,  11,  13, -14,  15,  17,  and  18  contained 
fractures  or  vesicles  or  a combination  of  the  two.  Piece  Nos.  2,  7,  16, 
18,  19,  20,  21,  and  22  were  relatively  dense  and  contained  no  visible 
fractures . 
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Quality  and  unifonnlty  tests 

3.  To  determine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compressive  strength,  and  compressional  wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 
given  below: 


Sample 

No. 


Descript ion 


Core  Schmidt  Comp  Comp  Wave 

Depth  Sp  Gr  No.*  Strg,  psi  Vel , fps 


2 

No  Visible 

Fractures 

IS 

2.641 

52.9 

33,780 

19,855 

3 

Fractures 

and  Vesicles 

23 

2.624 

— 

18,550 

19,715 

4 

Fractures 

and  Vesicles 

35 

2.605 

— 

25,860 

19,740 

12 

No  Visible 

Fractures 

115 

2.621 

50.7 

42 , 500 

20,155 

13 

Scattered 

Zones  of  Vesicles 

123 

2.601 

50.9 

14,550 

20,010 

14 

Fractures 

and  Vesicles 

132 

2.605 

49.3 

23,790 

19,725 

16 

Scattered 

Zones  of  Vesicles 

151 

2.613 

52.8 

23,940 

19,855 

17 

Scattered 

Zones  of  Vesicles 

154 

2.568 

47.1 

29,090 

19,285 

18 

Scattered 

Zones  of  Vesicles 

165 

2.614 

— 

25,450 

20,020 

20 

No  Visible 

Fractures 

185 

2.622 

54.2 

16,210 

19,810 

20a 

No  Visible 

Fractures** 

«•* 

65,760 

Average  of  All  Specimens 

2.611 

51.1 

29,040 

19,815 

* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 
possibility  of  breakage. 

♦*  Another  specimen  was  cut  adjacent  to  No.  20  and  tested  in  an  attempt 
to  determine  the  validity  of  the  compressive  strength  value  first 
observed.  The  compressive  strength  yielded  by  No.  20a  indicated  that 
specimen  No.  20  contained  some  hidden  zone  of  weakness. 
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. reflected  in  the  general  mode  of  failure,  vertical  splitting. 

Moduli  of  deformation 

7.  Represe.ntat ive  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by  the 
i proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 

i and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 

t 

^ theory  of  elasticity  by  use  of  strain  measurements  taken  from  electrical 

resistance  strain  gages  tffixed  to  the  specimens,  Nos.  2 and  13.  Stress- 
strain  curves  are  given  in  plates  1 and  2.  Specimen  2 was  cycled  at 

[ 

I 15,000  psi.  Results  are  given  below. 


% 

I 


w 


Specimen  Modulus,  psi  x 10^  Shear  Poisson's 

No.  Young's  Bulk  Shear  Velocity,  fps  Ratio 


Dynamic  Tests 


3 

i 2 

10.0 

9.0 

3.8 

10,345 

0.31 

' 4 

5.7 

8.8 

3.7 

10,255 

0.32 

1 

10.0 

9.0 

3,8 

10,425 

0.31 

i 

Static 

Tests 

\ 

1 2 

10,2 

6.7 

4.1 

0.24 

1 13 

11.5 

10.1 

4.4 

-- 

0.31 

8.  The  erratic  behavior  ot  the  stress-strain  curves  was  probably 
due  to  the  vertical  splitting  nature  of  failure  which  caused  large, 
rather  sudden  lateral  strains,  accompanied  in  one  case  by  significant 
vertical  strain  relief. 

Conclusions 

9.  The  core  received  from  hole  ST-CR-9  was  identified  as  pinkish- 
gray  to  blue-gray  rhyolite  porphyry  by  the  field  log  received  with  the 
core.  The  material  tested  was  rather  variable,  ranging  from  relatively 
competent  to  very  competent.  Generally,  the  specimens  containing  vesicles 
and/or  fractures  were  less  competent  than  those  containing  no  visible 
fractures.  The  very  erratic  behavior  of  the  stress-strain  curves  was  due 
to  the  vesicular  and  fractured  nature  of  the  material  and  the  vertical 
splitting  nature  of  the  failure. 

Property Average  of  All  Specimens 


Specific  Gravity 
Schmidt  No. 

Compressive  Strength,  psi 
Compressions!  Wave  Velocity,  fps 
Young's  Modulus,  psi  x lO” 


2.611 
51 . 1 
29,040 
19,815 
10.8 


8-'. 


Stress  (psi) 


Stress  (psi) 
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1 

i 

i 

1 

i '1 

‘If  ^ 

K 

i 

1 

,'u^PEiiPi:-:  D 

^ 1 

■ 

DATA  PFI  ORT 

: 1 

Hole  ST-CR-12 

;•  1 

1 August  19‘i9 

\ 

1 

Hole  Location  [r^n  '.Vnjnty,  Missouri  ] 

i 

Towrishin  12N,  [!an-^e  4F, 

Section  8 j 

l‘i20’  V/t.L,  I'^SO*  S/NL,  SW  lA  NK  lA  ' j 

Core 

1.  The 

following  C'lre  was  received 

on  28  July  1959  for  testing:  I 

Core  Piece  No.  Approximate  Depth,  ft  ■■  ■ 

1 

8 

: 

2 

18 

1 

2 

28  ■ 

1 

U 

38 

\ 

i 

\ 

\ 

5 

1*1 

50 

7 

59 

8 

65 

i 

9 

75 

1 

in 

85 

1 1 

95  ; 

12 

105 

i 

n 

109  1 

1 

A 

118 

r 

\ 

15 

127 

1 

15 

131 

1 

i 

17 

138 

t 

ii 

18 

1U7 

1 

19 

158 

20 

156 

\ 

t 

1 

21 

179 

1 

? 

22 

187 

1 

23 

197  ' 

1 

f 

1 Description 

1 2 . The 

samples  received  were  blue- 

gray  to  brown-gray  rock  identified 

1 by  the  field 

fit 

log  received  with  the  core 

as  rhyolite  porphyry  over  the  upper 

1 IID  ft  and  welded  tuff  over  the  lower  90 

ft  of  the  hole.  All  specimens 

1 contained  some  fractures  and/or  seants,  some  oriented  at  critical  angles.  1 

"■7 

i 

Quality  and  uniformity  tests 

3.  To  determine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compressive  strength,  and  compressional  wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 
given  below: 


Sample 

No . Description 


1 Healed,  High  Angle 
Fractures 

6 Healed,  High  Angle 
Fractures 


Core  Schmidt  Comp  Comp  Wave 

Depth  Sp  Gr  No.*  Strg,  psi  Vel,  fps 


» 

8 1 2.762  51.8  18,080  19,850 


50  2.80a 


10,210  21,725 


8 Healed,  Vertical  and  66  2.897 

Horizontal  Fractures 


12,360  20,400 


9 Healed,  High  Angle 
Fractures 


76  2.746  64.5  10,360  21,550 


11  Healed,  High  Angle 
Fractures 


96  2.757  51,9  11,330  21,690 


13  Healed,  Critical  Angle  109  2.920  53.2  1,700  21,050 

Fractures 


15  Tightly  Closed 
Fractures 


127  2.836  59.7  29,550  20,880 


19  Tightly  Closed 
Fractures 


158  2.824 


24,520  22,310 


20  Tightly  Closed,  Vertl-  166  2.831  64.3  45,450  22,190 

cal  Fractures  


23  Healed,  Vertical 
Fractures 


197  2.853 


14,320  22,035 


Average  Specimens  with  Tightly  2.830  62.0  33,170  21,795 

Closed  Fractures  (3) 

Average  Specimens  with  Healed  2.820  55.4  11,190  21,185 

Fractures  (7)  


* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 
possibility  of  breakage. 


The  significant  result  of  the  above  tests  is  the  very  low  compressive 
strength  obtained  on  specimen  13  in  vjhich  the  fracture  was  oriented  at 
an  apparent  critical  angle,  thus  indicating  th«*  possibilities  of  obtaining 
such  strengths  when  the  fractures,  although  healed,  are  oriented  at  critical 
angles  to  the  applied  stress. 

Moduli  of  deformation 

4.  Renr esen tat ive  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by  the 
proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities  and 
elastic  constants  of  rock.  The  static  moduli  were  computed  from  theory  of 
elasticity  by  use  of  strain  measurements  taken  from  electrical  resistance 
strain  gages  affixed  to  the  specimens.  Nos  8 and  15.  Stress-strain  curves 
arc  given  in  plates  1 and  2.  .Specimen  No.  8 was  cycled  at  8D00  psi  and 
No.  15  at  20,000  nsi . Results  are  given  below. 

Specimen  Modulus,  psi  x 10*^  Shear  Poisson's 


No.  Young ' s Bulk  Shear  Velocity,  fps  Ratio 


Dynamic 

Test  s 

8 

12.3 

11.0 

5.  1 

11  ,425 

0.30 

9 

13.  1 

10.4 

5.1 

11,720 

0.29 

15 

13.5 

5.3 

11,800 

0.27 

Static 

Tes  t s 

8 

11.1 

15 

12,5 

— 

_ . 

— 

— 

5.  All  of  the  rock  tested  herein  is  apparently  rather  rigid  material 
exhibiting  slight  hysteresis.  Values  for  the  static  bulk  and  shear  moduli 
and  the  static  Poisson's  ratio  could  not  be  reasonably  determined  for 


■pcclmen  Nos.  8 and  15  due  to  the  erratic  behavior  of  the  horizontal 
strain  gages.  This  behavior  was  probably  due  to  the  location  of  the 
horizontal  gages  over  healed,  high-angle  fractures  which  closed  slightly 
upon  loading. 

Conclusions 

6.  The  core  received  from  hole  ST-CR-12  was  identified  by  the  field 
log  as  blue-gray  rhyolite  porphyry  over  the  upper  110  ft  of  the  hole  and 
brown-gray  welded  tuff  over  the  remaining  90  ft.  Some  fracturing,  much 
of  it  healed,  was  present  in  all  of  the  specimens.  The  rock  from  this 
hole  was  noticeably  den:-er  than  the  rock  from  the  other  holes  in  the 
Scott  Area.  Average  compressive  wave  velocities  were  also  greater. 


Pro pert 


Specimens  with 
Tightly  Closed 
Fractures 


Specimens  with 
Healed  Fractures 


Specific  Gravity 
Schmidt  No. 

Compressive  Strength,  psi 
Compressional  Wave  Velocity,  fps 
Young’s  Modulus,  psi  x 10^ 


2.830 

62.0 

33,170 

21,795 

12.5 


2.820 
55. U 
11,190 
21,185 
11.1 


7.  Generally,  the  group  of  specimens  containing  healed  fractures 
exhibited  considerably  lower  compressive  strengths  than  did  the  group 
containing  tightly  closed  fractures,  the  healing  material  apparently 
acting  as  a lubricant  rather  than  an  adhesive.  Only  in  the  case  of  the 
specimen  containing  healed,  critically  oriented  fractures  was  the  material 


very  weak  (compre.ssive  strength  of  1700  psi). 


90 


:tres3,  psi 


1 


AP?!-:r 


UATA  HrPORT 


Ho|«  ST-CB-l* 


22  .lulv  I«^9 


Hole  Location;  Madison  County,  Hiasouri 
Township  39K,  Ranre  SE.  Section  2^ 
2<SS0'  EA>L.  20%0-  S/HL,  SE  1/4  HW  I A 


1.  The  foUowlntr  core  was  received  on  13  July  19<19  for  teatioK; 


Core  Fiece  No. 


Approxiaate  Depth,  ft 


Descrlptl^ 

2.  The  samples  received  were  pink  rock  identified  as  hornblende 
grani'.e  by  the  field  log  received  with  the  core.  Piece  Nos.  1,  2,  and 
3 appeared  to  be  slightly  weathered.  Piece  Nos.  2,  3,  S,  and  7 contained 
seams  and/or  tightly  closed  fractures. 


93 


Quality  Mtd  uwlforwtty  f 

3.  To  dataniiM  variations  within  tha  hela.  apacifle  gravity. 
Schaidt  nuabar,  eoaprasaiva  atrangth.  and  conpraaaional  wava  valocity 
wara  dataralnad  on  apaeinana  praparad  iron  rapraaantativa  aanpUa  aa 
givan  balow: 

Saapla  Cora  Schnldt  Coap  Conp  Wava 

No.  Daacription  Dapth  Sp  Cr  No.*  Strg,  pai  Val,  fpa 


1 Slightly  Waatherad 


n 2.<\00  47,5 


33.350 


Slightly  Waathared.  18  2.594  53.6  36,140 

Praeturad 


17.580 

16.920 


Slightly  Waatherad.  28  2.601 

Fractured 


16.430 


16,790 


Intact 


38  2.620  50.3  40,280 


17,600 


Intact 


86  2.621  53.4  43.930 


18.280 


Fractured 


Fractured 


116  2.616  32.0 


37,800 


144  2.617  50.0  22,140 


17,930 

18.110 


Intact 


Fractured 


155  2,616  52.3  42,430 


192  2.624  49.4 


38,570 


17,840 

17.970 


Intact** 


199  2.664  52.6  26,360 


18,910 


Average  of  All  Specimens 


2.617 


51.2  33,745 


17.795 


* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 
possibility  of  breakage. 

**  Specimen  contained,  according  to  field  log,  a bluish-green  zone  of 
clorizatlon  or  saussuritzation. 


k.  The  spccifliens  froa  this  hole  were  Krouped  for  teetlng  eccordlnc 
visible  physicsl  char sc ter  is tic^  as  xiven  in  the  second  coluwt  of 
the  tabulation  in  paragraph  3.  Ho%«ver.  such  a grouping  did  not  reflect 
significant  differences  in  the  core  saaples.  Accordingly,  the  test  results 
for  the  entire  hole  were  considered  together. 

5.  Coapressive  strength  varied  considerably,  ranging  froa  16.U30  pst 
for  one  slightly  wathered.  fractured  speciaen  to  b3,930  psi  for  an  intact 
speciswn.  There  was  no  particular  manner  of  variation,  as  evidenced  by 
the  fact  that  two  of  the  apparently  weathered  specimens  exhibited  higher 
compressive  strengths  than  one  of  the  intact  specimens.  In  spite  of  the 
considerable  variation,  all  specimens  tested  were  indicative  of  rather 
competent  material.  The  compressive  wave  velocities  were  relatively 
uniforn;  the  three  lowest  velocities  wre  obtsined  on  the  three  %«athered 
specimens. 

Moduli  of  defonnation 

6.  Representative  specimens  vwre  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  vare  determined  by  the 
proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  amduli  were  computed  from 
theory  of  elasticity  by  use  of  strain  measurements  taken  from  electrical 
resistance  strain  gages  affixed  to  the  specimens,  Nos.  1 and  9.  Stress- 
strain  curves  are  given  in  plates  I and  2.  Specimen  No.  1 was  cycled  at 
20,000  psi,  and  No.  9 was  cycled  at  25,000  psi.  Results  are  given  below. 


1 


SpeciMn 

No. 


1 

9 


Modulus,  pot  X 10* 

Young  * s Bulk  Shcsr 

Dynswic  Tosts 

8.0  <S.7  3.1 

8.8  7.3  3.4 


Shear 

Velocity,  fps 


93^5 

9780 


Static  Tests 


Poisson's 

Ratio 


0.30 

0.30 


1 9.1  8.7  3.1* 

9 10. U 7.8  i».l 


0.27 

0.27 


All  of  the  rock  tested  herein  is  apparently  rather  competent  material 


exhibiting  alight  hysteresis. 
Conclusions 


7.  The  core  received  for  testing  from  hole  ST-CR-18  was  identified 


as  pink  hornblende  granite  by  the  field  log  received  with  the  core.  The 
core  was  relatively  uniform  in  appearance:  some  weathering  and  macro- 
fracturing  were  present;  however,  test  results  did  not  reflect  the 
effect  of  weathering  or  fracturing.  There  was  considerable  variation 
in  compressive  strength  as  indicated  by  a range  in  compressive  strength 
of  approximately  28,000  psi.  All  of  the  rock  was  competent  material  and 


much  was  very  competent. 


Property 


Specific  Gravity 
Schmidt  No. 

Compressive  Strength,  psi 
Compressional  Wave  Velocity, 
Young's  Modulus,  psi  x 10 


fps 


Average  for  All 
Specimens  Tested 

2.617 

51.2 

33,745 

17,795 

9.8 


! 


4 


J 


Stress-Strain  Curve 
Unconfincd  Compression 
Specimen  16-1 
Compressive  Strength 
37.35U  psi 


AFFKi;i'i>;  i- 

DATA  Ri-i’oirr 

Hole  3T-CR-18 
29‘July 

Hole  LnCfition:  Iron  County,  Missouri 

Township  31N,  Rnn^e  UE,  Section  17 
2^0’  W/EI.,  lOOO'  S/Nl,,  NF.  1/4  NF  1/4 


Core 

1.  The  following!  core  was  receiv«>A  on  IB  July  19h9  for  testing: 
Core  Piece  No.  Approximate  Depth,  ft 


1 

25 

2 

3S 

3 

48 

4 

55 

5 

54 

A 

71 

7 

77 

8 

83 

9 

89 

10 

94 

1 1 

104 

12 

1 12 

13 

115 

14 

127 

13 

131 

16 

135 

17 

148 

IS 

157 

19 

158 

20 

175 

2 1 

183 

22 

195 

2 3 

1 99 

Descript inn 

2.  The  samples  received  were  quite  variable  in  appearance.  Accord- 
ing to  the  field  log  re.ceived  with  the  core,  the  rock  was  identified  as 
gray  to  gray-yellow  marl  in  the  \ipper  regions  of  the  hole  and  maroon 
rhyolite  and  rhyolite  porphyry  in  the  lower  regions.  All  pieces  contained 
seams  and/nr  fractures,  some  of  which  were  inclined  at  critical  angles. 


Quality  nd  uniformity  testa 

3.  To  determine  varietions  within  the  hole,  epccific  gravity. 
Schmidt  number,  compressive  strength,  and  compressional  wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 


given  below; 


Sample 

No. 

Oeser ipt ion 

Core 

Depth 

Sp  Gr 

Schmidt 

No.* 

Comp 

Strg,  pai 

Comp  Wave 
Vel , fps 

2 

Highly  Fractured  'lari 

38 

2.798 

52.1 

5,480** 

20.480 

4 

Fractured  Marl 

55 

2.775 

35.3 

9.535 

13,215 

8 

Fractured  Transitional 
Rock 

F3 

2.500 

55.0 

17,300 

17.585 

9 

Fractured,  Gray  Igneous 
Porphyry 

89 

2.538 

40.3 

10,480 

17,335 

11 

Red  Porphyry 

104 

2.549 

52.1 

44,850 

20.005 

13 

Fractured  Red  Porphyry 

115 

2.C59 

55.0 

5.590** 

19,700 

14 

Red  Porphyry 

127 

2.555 

-- 

31.300 

21,895 

18 

Red  Porphyry 

157 

2.551 

-- 

52,575 

20,720 

19 

Red  Porphyry 

158 

2.651 

. . 

55,000 

20,350 

Average  Fractured  Marl  and 
Transitional  Rock 

2.558 

46.0 

10,725 

17,180 

Average 

Red  Porphyry*** 

2.557 

53.5 

45.930 

20,535 

* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 
possibility  of  breakage. 


f **  Specimen  contained  several  critical  angle  fractures  along  which 

[ failure  occurred,  resulting  in  low  compressive  strength. 

***  Excluding  specimen  No.  13,  which  failed  along  several  very  weak 
critical  angle  fractures. 


] 4.  Test  results  were  diviied  into  two  groups  acci rding  to  field  log 

f 

descriptions  of  the  specimens;  red  porphyry  and  fractured  marl  and  tran- 

f 


sitional  rock.  The  red  p''rphyry  contained  tightly  closed  macrofractures. 

I 


« 


p 


1 


i 

i 

i 


i 

[ 


I 


The  two  f^roups  exhibited  drastically  different  average  conpresaive 
strengths,  with  the  red  porphyry  generally  exhibiting  three  to  four 
tisMS  the  strength  of  the  marl  and  transitional  material.  The  only 
exception  was  one  red  porphyry  specimen  containing  several  critical 
angle  fractures  which  failed  cleanly  along  the  fractures  at  a relatively 
low  stress.  This  same  specimen  exhibited  a compressive  wave  velocity 
somewhat  lower  than  the  other  specimens  in  the  group,  probably  due  to 
the  fracture. 

5.  The  compressive  wave  velocities  for  specimens  from  this  hole 
varied  significantly,  unlike  the  velocities  from  holes  ST-CR-U , ST-CR-9, 
ST-CR-16,  ST-CR-20.  and  ST-CR-2^.  This  variation  can  be  attributed  to 
the  wide  range  of  composition  and  condition  characteristic  of  the  speci- 
mens from  hole  ST-CR-1*1,  especially  the  material  identified  as  marl. 
Generally,  the  wave  velocities  exhibited  by  the  specimens  of  fractured 
marl  and  transit  onal  rock  were  quite  variable  and  significantly  lower 
than  the  velocities  exhibited  by  the  red  porphyry. 

Moduli  of  deformation 

6.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by  the 
proposed  ASTM  method  for  determinat icn  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  .static  moduli  were  computed  from 
theory  of  elasticity  bv  use  of  strain  measurements  taken  from  electrical 
resistance  strain  gages  affixed  to  the  specimens.  Nos.  4 and  14.  Strt  s- 
strain  curves  are  given  in  plates  1 and  2.  Specimen  No.  4 was  cycled  at 
3000  psi,  and  No.  14  was  cycled  at  30,000  psi.  Results  arc  given  below. 


i 
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Specimen 

Modulus,  psi  X 10*^ 

Shear 

Poisson's 

No. 

Young's  Bulk  Shear 

Velocity,  fps 

Rat  io 

Dynamic  Tean 


U 

A.  1 

3.0 

2. A 

9.  390 

).  1‘. 

9 

T.A 

5.7 

3.4 

lO.dSO 

0 , ?s 

14 

14. A 

9.4 

5.9 

12,h00 

" . 24 

Stat ic 

Tes  t s 

4 

5.3 

4.7 

2.3 

. - 

' 20 

14 

12. S 

A.  7 

5.4 

-- 

0 . is 

All  of  the  rock  tested  hr'-ein  is  apparently  rather  Vonahle  natrrial 
exhibiting  slight  hysteresis. 

Conclusions 

7.  The  core  received  from  hole  .ST-CR-18  was  identified  by  the  field 
log  as  gray  to  gray-yellow  marl,  and  maroon  rhyolite  and  rhyolite  porrhvr 
All  pieces  contained  some  fractures  and/or  seams.  Considerably  lower 
compressive  strengths  were  obtained  from  the  specimens  of  marl  and  tran- 
sitional material,  the  group  generally  consirting  of  quite  variable 
material.  Dne  highly  fractured  specimen  of  marl  and  one  critical Iv 
f'-actured  snecimen  of  red  porphyry  were  especially  weak,  vieldinr 
strengths  of  only  50!)0  psi  each. 


Proper ty 


Fractured  Marl  and 
Transitional  Rock 


Frac  1 1;  ^ O'i  "eJ 
Porphyry 


.Soeciflc  Gravity 

2.  A5S 

Schmidt  No. 

53. A 

Compressive  Strength,  psi 

10,725 

Compression.nl  Wave  Velocity,  fps 

17, ISO 

Young's  Modiil.JS,  psi  x H' 

5.9 

2 . 1 
5d  . > 
4S  , 

20,535 
12  . H 


I 


f 


i 


null  .an  I - 
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IMTA  RKPORT 
Hole  ST-OR-20 
25  Tiilv  1959 

Hole  Location;  Wavne  County,  Missouri 
Township  29N,  knn^i'  3!;,  Section  29 
750'  K/UL.  950-  S/NL.  NE  lA  NW  lA 

Core 

1.  The  following  core  was  received  on  1 July  1959  for  testing: 
Core  Piece.  S'-.  Approximate  Depth,  ft 


1 

18 

2 

30 

3 

35 

U 

42 

5 

50 

5 

6] 

7 

58 

80 

9 

91 

10 

102 

1 1 

112 

12 

119 

13 

127 

19 

139 

15 

148 

15 

159 

17 

155 

15 

173 

19 

185 

20 

194 

21 

200 

Description 

2.  The  samples  received  were  ere.en-gray  rock  identified  as  latitc 
porphyry  by  the  field  log  received  with  the  core.  Piece  Nos.  3,  4,  5,  9, 
11,  14,  17,  19,  and  21  contained  seams  and/or  fractures,  most  of  which 
were  tightly  closed. 


r 


alitv  and  unifomity  t 'sta 


3.  To  d^tertnine  variations  within  the  hole,  specific  f'ravitv, 


Schmidt  number,  compressive  streneth,  and  compressiona I wave  velocity 
were  determined  on  soecimens  prepared  from  representative  samples  as 
given  below: 

Sample  Core  Schmidt  Comp  Comp  Wave 


No. 

Dcscript ion 

Depth 

Sp  Gr 

No.* 

Strg,  psi 

Vel,  fpa 

4 

Fractured 

42 

2.AA9 

— 

37,425 

19,340 

7 

Unfractured** 

AS 

2.731 

53.4 

21,210 

20,495 

9 

Fractured 

91 

2.713 

54.3 

23,105 

20,655 

10 

Unfractured 

102 

2.730 

54.2 

52,120 

20,940 

1 1 

Fractured 

112 

2.734 

— 

26,365 

21 ,085 

12 

Unf rac ;ured** 

119 

2.722 

55.3 

19,090 

20,715 

I'i 

Unfractured 

159 

2.712 

49.2**** 

50,075 

20,640 

17 

Fractured 

15A 

2.712 

-• 

34,240 

20.725 

21 

Fractured 

200 

2.709 

51.0 

21,970 

20,805 

Average 

Fractured  Specimens*** 

2.713 

56.0 

26,200 

20,545 

Average 

Unfractured  Specimens 

2.721 

54.2 

51 , 100 

20,790 

* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 
possibility  of  breakage. 

**  Specimens  discovered  after  test  to  have  very  small  macrocracks, 
some  of  which  were  critically  oriented  and  may  have  initiated 
failure. 

***  Includes  the  two  specimens  previously  classified  as  unfractured 
which  were,  subsequent  to  testing,  found  to  contain  small 
macrocracks . 

****  Deleted  from  average  due  to  probable  unreliability  caused  by 
irregular  shape  of  specimen. 


U.  The  speci'nens  were  divided  into  two  groups:  -^ctured  specimens 

vAiich  contained  visible  seams  and/or  fractures  and  unfractured  specimens 
which  contained  no  visible  fractures.  Two  specimens  originally  thought  to 
be  unfractured  were  later  found  to  contain  tightly  closed  macrofractures. 

The  test  results  for  these  two  specimens  were  accordingly  grouped  with 
the  results  for  the  fractured  specimens. 

5.  Unconfined  compressive  tr^ls  indicated  that  the  unfractured  rock 
was  considerably  stroout r than  the  rock  containing  seams  or  fractures, 
the  average  unfractured  strength  being  nearly  twice  the  average  fractured 
strength.  Both  of  the  unfractured  specimens  displayed  conical  type 
failures  while  the  remainder  of  the  specimens  failed  by  splitting  vertically. 

6.  Compressive  wave  velocities  for  all  specimens  tested  were  relatively 
relatively  uniform,  indicating  that  much  of  the  fracturing  was  nearly 
vertical  or  tightly  healed.  The  average  compressive  wave  velocity  for 

the  unfractured  group  was  slightly  higher  than  the  average  for  the 
fractured  group. 

Moduli  of  deformation 

7.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by  the 
proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 
tncory  of  elasticity  by  use  of  strain  measurements  taken  froi»  electrical 
resistance  strain  gages  affixed  to  the  specimens.  Nos.  7 and  11.  Stress- 
strain  curves  are  given  in  plates  1 and  2.  Specimen  No.  7 was  cycled  at 
20,000  psi,  while  No.  11  was  cycled  at  15,000  psi.  Results  are  given  below. 


2C7 


i X n” 
k Chear 


lynamlr  Tests 


Static  Tests 


Shear 

Velocity,  f 


11,600 

11,915 


Poisson's 

Ratio 


All  of  the  rock  tested  herein  is  apparently  rather  ripid  material.  The 
hysteresis  exhibited  by  specimen  No.  11  was  due  to  slippage  along  already 
present  cracks. 

Conclusions 

8.  The  core  received  from  hole  ST-CR-20  was  identified  as  green- 
gray  latite  porphyry  by  the  field  log  received  with  the  core.  Some 
macrofracturing  was  present  in  many  of  the  specimens,  with  most  fractures 
being  tightly  closed  or  healed.  Considerably  lower  compressive  strengths 
were  obtained  from  the  fractured  specimens.  Despite  the  fracturing, 


rather  competent  material  is  indicated. 

Property Fractured 

Specific  Gravity  2.713 

Schmidt  No.  56.0 

Compressive  Strength,  psi  26,200 

Compress ional  Wave  Velocity,  fps  20,545 

Young's  Modulus,  psi  x 10^  10.0-12.0 


Unfractured 

2.721 

54.2 

51,100 

20,790 
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Stress  (psl) 


APPENTIX  i! 


DATA  REPORT 


Hole  ST-CR-26 


16  July  1969 

Hole  Location;  St.  Francois  County,  Missouri 
Longitude:  90*  23’  West 

Latitude:  30*  ^iO*  North 

Township  34N,  Range  6E,  Se-tion  8 
750'  W/EL,  2000’  S/NL,  SE  1/A  NE  1/4 


1.  The  following  core  was  received  on  1 July  1969  for  testing: 


Core  Piece  No. 


Approximate  Depth,  ft 


Description 


2.  The  samples  received  were  pinkish-  to  gray-colored  rock  identified 
as  low-grade  met amorphic s by  the  field  log  received  with  the  core.  Piece 
Nos.  1,  2,  and  3 appeared  somewhat  weathered.  Piece  Nos.  1,  2,  3,  4,  5,  6, 


111 


7.  9,  10.  11,  12,  13,  lU,  15,  17.  18,  19,  21,  and  22  contained  seams 
and/or  fractures,  most  of  which  were  tightly  closed. 


Quality  and  uniformity  tests 

3.  To  determine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compressive  strength,  and  coraoressional  wave  velocity 
were  determined  on  specimens  prepare.^  from  representative  samples  as 
given  below: 


Sample 

No. 

Oescript i on 

Core 

Depth 

Sp  Gr 

Schmidt 

No.* 

Comp 

Strg,  psi 

Comp  Wav4 
Vel,  fps 

2 

Highly  Fractured 

19 

j 

2.654 

— 

7,860 

•** 

6 

Critical  Angle  Fractured 

56  ^ 

1 

2.651 

-- 

8,520 

19,010 

8 

Fractured,  Contained 
Pink  Granitic  Material 

73 

2.703 

53.2 

24,290 

20,075 

11 

Fractured 

lOi* 

2.736 

— 

14,340 

20,420 

II* 

Fractured 

127 

2.675 

57.5 

24,690 

20,300 

16 

Intact  Rock 

147 

3.024 

55.6 

43,570 

19,795 

20 

Intact,  Contained  Pink 
Granitic  Material 

176 

2.680 

59.8 

50 , 860 

20,175 

22 

Some  Fracturing***, 
Failed  through  Rock 

196 

2.749 

55.8 

41,290 

20,930 

Average  Critically  Fractured  (2) 

2.653 

— 

8, 190 

19,010 

Average  Fractured  (3) 

2.705 

55.4 

21,105 

20,265 

Average  Intact  (3) 

2.818 

57.1 

4J.240 

20,300 

* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 
possibility  of  breakage. 

**  Compressive  wave  test  not  performed.  Specimen  required  capping  for 
unconfined  compression  test — capping  material  would  have  rendered 
questionable  results  of  velocity  test. 

***  Though  specimen  was  partially  fractured,  fractures  apparently  had 
little  effect  on  results  of  compressive  strength  test  or  mode  of 
failure.  Specimen  failed  through  intact  rock,  not  along  fractures. 
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4.  The  results  were  grouped  according  to  compressive  strength 
which  was  dependent  on  the  original  condition  of  the  specimens  and  the 


modes  of  failure.  The  highly  fractured  rock  near  the  surface  is 
apparently  rather  poor  material  and  contains  fractures  at  critical  angles 
for  compression  testing  (45  to  50  deg  with  the  horizontal),  e.g.,  specimen 
No,  6.  The  specimens  which  contained  relatively  high  angle  fracturing 
exhibited  somewhat  higher  compressive  strengths  and  were  reasonably 
competent.  Specimens  which  were  either  intact  or  vertically  fractured 
and  failed  through  rock  represented  quite  competent  material. 

5.  The  compressive  wave  velocities  for  all  specimens  tested  were 
relatively  uniform,  indicating  that  much  of  the  fracturing  was  vertical 
or  near  vertical  and  tightly  closed. 

Moduli  of  deformation 

6.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by  the 
proposed  ASTM  method  for  determination  of  ultrascxiic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 
theory  of  elasticity  by  use  of  strain  measurements  taken  from  electrical 


resistance  strain  gages  affixed  to  the  specimens.  Nos,  5 and  15.  Stress- 
strain  curves  are  given  in  plates  I and  2.  Specimen  15  was  cycled  at 
20,000  psi.  Results  are  given  below. 


Spec imen 
No. 

Modulus 

Young's 

, psi  X 
Bulk 

10*^ 

Shear 

Shear 

Velocity,  fps 

Poisson's 

Ratio 

Dynamic  Tests 

6 

9.2 

8.2 

1.5 

9,915 

0.31 

16 

12.6 

9.U 

U.9 

10,995 

0.28 

Static  Tests 

6 

9.7 

1*.U 

3.7 

0.17 

16 

13.2 

10.6 

5.S 

0.29 

Slight  hysteresis  is  evident  in  the  stress-strain  relationships. 
Conclusions 

7.  The  core  received  from  hole  ST-CR-2fi  was  iden^’ified  as  low-grade 
metamorphics  by  the  field  lor,  received  with  the  core.  All  of  the  core 
was  pinkish- to  gray-colored  with  the  pink  material  described  by  the  log 
as  granitic  material.  Some  macrofracturing  was  present  in  many  of  the 
samples.  Considerably  lower  physical  test  results  were  obtained  on  the 
highly  fractured  samples  from  the  first  50  ft  of  depth.  The  remainder 
of  the  samples  tested  indicated  relatively  competent  material,  especially 
those  which  were  not  influenced  by  the  macrofractures.  The  compressive 
velocity  for  sample  5 did  not  reflect  its  low  compressive  strength, 
apparently  due  to  the  vertical,  tightly  closed  nature  of  the  fractures. 


Property 


Intact  and 

Critically  Failing 

Fractured  Fractured  Through  Rock 


Specific  Gravity 
Schmidt  No. 

Compressive  Strength,  psi 
Compressional  Wave  Velocity,  fps 
Young's  Modulus,  psi  x 10^ 


2.653 

2.705 

2.818 

— 

55.4 

57.1 

8,190 

21,105 

45,240 

19,010 

20,265 

20,300 

8.7 

— 

13.2 
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Stress  ( f>si ) 


'UTA  m r 


Hole  ST-'i!-2« 


'■  AuP'.st  I "I*''} 


Hnlp  I r.Tti''n:  r ')>inty.  Mi-.s'iiri 


Tov,-nshii>  32N,  K-nr<*  Section  7 

sso’  r/  I,,  s'l*  N/'i . ]/u  sw  lA 


1.  The  follouinc  core  wap  received  on  U Anpiist  19*11  for  testini^; 


Ci're  Piece  N >. 


Approxinatc  Depth,  ft 


Description 

2.  The  samples  received  were  p nkish-cray  to  cray-col cred  rock 
identified  as  rhyolite  norphvry  t)V  the  field  Ior  received  with  the  core. 


All  pieces  contdined  fractures. 
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3.  To  ^ctemino  variations  within  the  hole,  specific  pravity. 


Schmidt  number,  compressive  strenRth,  and  compress ional  wave  veloc  ity 
were  determined  on  specimens  prepared  from  representative  samples  as 


piven  below: 


1 Sample 

1 No. 

Description 

Core 

Depth 

Sp  Cr 

Schmid 

No.* 

Comp 

Strg,  psi 

Comp  Wave 
Vel , fps 

5 2 

I’rjnounced  Critical 
Argle  Fracturing 

19 

2 . A58 

53.2 

5,500** 

20,515 

f ^ 

Pronounced  Fr ac 1 1 .*  i no. 

30 

2.6SS 

-- 

22,430 

20,575 

1 

i ^ 

Moderate  Fracturinr 

39 

2 .6i*9 

55.8 

25,890 

20,580 

10 

Fine  Incipient 
Fracturing 

92 

2.6A3 

55.5 

57, 140 

20,790 

■ 

Modera,.e  Fracturing 

101 

2.655 

57.2 

28,730 

20,440 

13 

Moderate  Fracturing 

122 

2.659 

or 

21,090 

20,565 

16 

Fine  Incipient 
Fracturing 

151 

2.659 

59.4 

44,090 

20,730 

18 

Fine  Incipient 
Fracturing 

169 

2.659 

53.4 

52,720 

20,705 

21 

Pionounceil  Fracturing 

197 

2.655 

55.3 

20, 580 

20,470 

Specimen  Failing  Along  Critical 
Angle  Fracture  (1) 

2.5  58 

53.2 

5,500 

20,515 

Average  of  Specimens  with  Fine 
Incipient  Fracture?  (3) 

2.654 

54.4 

51 , 320 

20,740 

i Average 

1 of  Specimens  with  Pronounced 

2,557 

55.3 

23,745 

20,565 

and  Moderate  Fractiirinp  (5) 

* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 


possibility  r.f  brcai^ape. 

**  Specimen  failed  alone  pronounced  critical  anple  fracture. 


4.  Results  were  crouped  according  to  the  nature  of  fracturing 


[ present  in  the  specimens  prior  to  testing.  The  three  groups  thus  formed 

exhibited  quite  different  average  compressive  strengths  and  different 
modes  of  failure.  The  group  containing  fine,  tightly  closed  incipient 
fractures  yielded  a high  compressive  strength  (average  51,320  psi), 
and  all  specimens  in  this  group  exhibited  conical  failure  surfaces. 

i 

The  group  of  specimens  containing  moderate  to  pronounced  fracturing 
yielded  moderately  high  compressive  strengths  (average  23,7U5  psi)  and 
I generally  failed  by  splitting  vertically.  The  specimen  containing  a 

: pronounced  critical  angle  fracture  failed  along  this  fracture  and 

. i 

I exhibited  a low  compressive  strength  of  only  5500  psi. 

I 

5.  Compressive  wave  velocities  exhibited  by  all  specimens  tested 

f 

were  surprisingly  uniform,  ranging  only  from  20,440  to  20,790  fps.  This 
I unusual  uniformity  was  orobably  due  to  the  vertical,  tightly  closed  nature 

f 

\ of  many  of  the  fractures  and  relatively  uniform  composition  of  specimens 

throughout  the  hole. 

Moduli  of  deformation 

6.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by  the 
proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 

t 

theory  of  elasticity  by  use  of  strain  measurements  taken  from  electrical 
resistance  strain  gages  affixed  to  the  specimens,  Nos.  4 and  16, 


i 

i 


I 


Stress-strain  curves  are  given  in  plates  1 and  2.  Specimen  No.  4 
was  cycled  at  10,000  psi  and  No.  16  at  20,000  psi.  Results  are  given 
below. 


Specimen 

No. 

Modulus,  psi  X 10^ 
Young's  Bulk  Shear 

Shear 

Velocity,  fps 

Poisson's 

Ratio 

Dynamic  Tests 

2 

12.6 

8.4  5.0 

11,840 

0.25 

4 

12.6 

8.6  5.0 

11,850 

0.26 

16 

11.2 

9.7  4.3 

10,925 

0.31 

Static  Tests 

4 

12.8 

8.7  5.1 

0.25 

16 

10.8 

6.3  4.4 

— 

0.22 

All  of  the 

rock  tested 

herein  is  apparently 

rather  rigid 

material 

exhibiting  slight  hysteresis. 

7.  The  rather  erratic  behavior  of  the  vertical  strain  gages  on 
specimen  No.  4 was  probably  due  to  the  location  of  the  gages  over  high- 
angle  fractures  which  slipped  upon  loading  of  the  specimen. 

^ Conclusions 

I 8.  The  core  received  from  hole  ST-CR-28  was  identified  as  oinkish- 

[ gray  to  gray-colored  rhyolite  porphyry  by  the  field  log  received  with  the 

f core.  Some  fracturing  was  present  in  all  specimens,  ranging  from 

f pronounced  fracturing  at  critical  angles  to  fine,  incipient  fracturing. 

> The  nature  of  the  fracturing  appeared  to  determine  both  the  strength  of 

t ; 

the  specimen  and  its  mode,  of  failure.  The  stronger  specimens  were  those 

i 

'(  which  contained  very  fine,  incipient  fractures  and  exhibited  conical 

I failure  surfaces.  The  weaker  specimens  contained  more  pronounced 

i 
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I 

I 

i 

[ 


L 

[ 

f 

i 


i 

I 


r. 

f 

I 


f 


II. I 1II4P 


fractures  and  failed  by  splitting  vertically  or  shearing  along  critical 
angle  fractures.  Compressive  wave  velocities  were  unusually  uniform,  a 
reflection  on  the  vertical,  tightly  closed  nature  of  much  of  the 
fractur ing. 


Property 

Specimen 

Failing 

Along 

Critical 

Angle 

Fracture 

Specimens 
With  Fine 
Incipient 
Fractures 

Specimens 

With 

Pronounced 
to  Moderate 
Fracturing 

Specific  Gravity 

2.658 

2.664 

2-657 

Schmidt  No. 

63.2 

54.4 

56.3 

Compressive  Strength,  psi 

5,500 

51,320 

23,745 

Compressive  wave  velocity,  fps 

20,515 

20,740 

20,565 

Young's  Modulus,  psi  y lO*' 

— 

10.8 

12.3 

1 


j 

-j 


i 


i 


I 
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Stress  , psi 
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Laboratory  tests  were  conducted  on  rock  core  samples  received  from  nine  core  holes  in 
the  Scott  Area  of  Iron,  Madison,  Saint  Francois,  and  Wayne  Counties,  Missouri.  The 
results  were  used  to  determine  the  quality  and  uniformity  of  the  rock  to  depths  of 
200  feet  below  ground  surface.  The  cores  were  identified  as  predominantly  rhyolite 
and  dacite  porphyry  with  some  granodiorite  and  small  amounts  of  dolomite,  acid  meta- 
volcanics,  and  dark  gray  volcanic  breccia.  Specific  gravity,  Schmidt  hardness,  com- 
pressional  and  shear  velocity,  and  uniaxial  compressive  strength  tests  indicated  that 
the  highly  to  critically  fractured  material,  representing  approximately  10  percent  of 
the  core  tested,  was  of  questionable  competence.  The  remainder  of  the  core  from  this 
area  was  found  to  be  relatively  competent  material.  An  assessment  of  the  area  on  a 
hole-to-hole  basis  indicates  that  all  but  two  of  the  Scott  formations  that  were  san^iled 
and  tested  offer  good  possibilities  as  competent  hard  rock  media. 
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